Curvature squared invariants in six-dimensional N = (1, 0) supergravity by Butter, Daniel et al.
J
H
E
P
0
4
(
2
0
1
9
)
0
1
3
Published for SISSA by Springer
Received: November 15, 2018
Revised: March 15, 2019
Accepted: March 18, 2019
Published: April 2, 2019
Curvature squared invariants in six-dimensional
N = (1; 0) supergravity
Daniel Butter,a Joseph Novak,b Mehmet Ozkan,c Yi Pangb;d
and Gabriele Tartaglino-Mazzucchellie;f
aGeorge and Cynthia Woods Mitchell Institute for Fundamental Physics and Astronomy,
Texas A&M University, College Station, TX 77843, U.S.A.
bMax-Planck-Institut fur Gravitationsphysik, Albert-Einstein-Institut,
Am Muhlenberg 1, D-14476 Golm, Germany
cDepartment of Physics, Istanbul Technical University,
Maslak 34469 Istanbul, Turkey
dMathematical Institute, University of Oxford,
Woodstock Road, Oxford, OX2 6GG, U.K.
eInstituut voor Theoretische Fysica, KU Leuven,
Celestijnenlaan 200D, B-3001 Leuven, Belgium
fAlbert Einstein Center for Fundamental Physics, Institute for Theoretical Physics,
University of Bern, Sidlerstrasse 5, CH-3012 Bern, Switzerland
E-mail: dbutter@tamu.edu, joseph.novak@aei.mpg.de,
ozkanmehm@itu.edu.tr, yi.pang@maths.ox.ac.uk, gtm@itp.unibe.ch
Abstract: We describe the supersymmetric completion of several curvature-squared in-
variants for N = (1; 0) supergravity in six dimensions. The construction of the invariants
is based on a close interplay between superconformal tensor calculus and recently devel-
oped superspace techniques to study general o-shell supergravity-matter couplings. In
the case of minimal o-shell Poincare supergravity based on the dilaton-Weyl multiplet
coupled to a linear multiplet as a conformal compensator, we describe o-shell supersym-
metric completions for all the three possible purely gravitational curvature-squared terms
in six dimensions: Riemann, Ricci, and scalar curvature squared. A linear combination
of these invariants describes the o-shell completion of the Gauss-Bonnet term, recently
presented in arXiv:1706.09330. We study properties of the Einstein-Gauss-Bonnet super-
gravity, which plays a central role in the eective low-energy description of 0-corrected
string theory compactied to six dimensions, including a detailed analysis of the spectrum
about the AdS3  S3 solution. We also present a novel locally superconformal invariant
based on a higher-derivative action for the linear multiplet. This invariant, which includes
gravitational curvature-squared terms, can be dened both coupled to the standard-Weyl
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or dilaton-Weyl multiplet for conformal supergravity. In the rst case, we show how the
addition of this invariant to the supersymmetric Einstein-Hilbert term leads to a dynam-
ically generated cosmological constant and non-supersymmetric (A)dS6 solutions. In the
dilaton-Weyl multiplet, the new o-shell invariant includes Ricci and scalar curvature-
squared terms and possesses a nontrivial dependence on the dilaton eld.
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1 Introduction
Over the years, six-dimensional (6D) N = (1; 0) supergravity theories [1{7] have been a
fertile ground of studies in various contexts due to their relationship with string theories and
10D supergravities, and the role they have played in various phenomenological scenarios.
It was already realized in the 80s by Salam and Sezgin that a prototypical scenario in
six-dimensional N = (1; 0) gauged supergravity did not have Minkowski6 (nor (A)dS6)
backgrounds as solutions and the equations of motion led to a spontaneous compactication
to lower-dimensional spaces [8]. In the absence of a background three-form ux [9], smooth
symmetric solutions of the Salam-Sezgin model take the form of a half-BPS Minkowski4S2
background [8, 10], which are phenomenologically relevant and can also be embedded in
a String/M-theory framework [11]. In the context of warped braneworld scenarios, 6D
supergravities have also been investigated in the past to propose possible scenarios to solve
the cosmological constant problem and build models possessing dS4 vacua, see, e.g., [12{14].
Being based on a 6D theory possessing chiral fermions, all the previously mentioned
models are generically anomalous. As part of the eort to embed these theories in a
consistent quantum theory of gravity, anomaly free 6D N = (1; 0) supergravities have
been constructed in the ungauged and gauged cases [15{27]. In the ungauged case vari-
ous anomaly-free models were originally constructed by means of compactication of the
heterotic string and Green-Schwarz anomaly cancellation. Recently, the classication of
6D N = (1; 0) supergravity theories consistent with quantum gravity have also been sys-
tematically approached in the context of F-theory compactications on elliptically bered
Calabi-Yau threefolds. We refer the reader to [28{39] and references therein for some of
the literature on the subject.
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The ungauged six-dimensional supergravity based on the dilaton-Weyl multiplet admits
a unique supersymmetric AdS3  S3 solution. The solution is supported by a self-dual 3-
form ux and possesses vanishing Weyl tensor reminiscent of the AdS5S5 solution in IIB
supergravity. Moreover, there have been arguments indicating that the supersymmetric
AdS5 S5 is an exact solution in the full string theory based on its vanishing Weyl tensor.
By analogy, it is tempting to conjecture that the supersymmetric AdS3  S3 solution is
an exact solution in the six-dimensional compactied string theory. We have veried this
up to the inclusion of the Gauss-Bonnet and Riemann squared super-invariants [40].1 We
recall that the AdS3  S3 geometry is locally BTZ  S3 and it is also the near horizon
geometry of a black string. Thus, the 6D supergravity models can also be a useful arena
for studying the black hole/string entropy correspondence. Although the supersymmetric
AdS3S3 solution is not aected by the curvature-squared corrections, 0 corrections in the
action do modify the macroscopic entropy via Wald's entropy formula and thus can be used
to compare with future microscopic computations at the same order. Curvature-squared
terms are particularly important for computing the entropy of small black holes as the
\would-be" leading Bekenstein-Hawking piece vanishes and therefore the curvature-squared
corrections serve as the rst non-vanishing contribution. The inclusion of the curvature-
squared invariants also modies the spectrum of uctuations around the supersymmetric
AdS3S3 solution. On top of the short multiplets of SU(1; 1j2), there are also innite towers
of long SU(1; 1j2) multiplets with mass proportional to the inverse of the 0 parameter.
Expanding on the results presented in [40], in this paper we give a detailed analysis of the
spectrum around the supersymmetric AdS3  S3 solution. Note also that the spectrum
of uctuations provides logarithmic corrections to the eective action, which has been
proposed as a new probe to the possible UV completion of a low-energy eective theory of
quantum gravity [41].
It is worth stressing that there is a sharp dierence between the spectrum of the short
and long multiplets mentioned above. The spectrum of short multiplets is protected and
can in principle be inferred by using group theoretical considerations along the analysis
of [42]. Contrarily, the AdS energies of the long-multiplet states are not protected by
shortening conditions and depend on the detail of the supergravity theory (in a low-energy
approximation). Once the model is xed, we can adopt the same method as [43] to compute
the spectrum of long multiplets by solving the linearized equations for the supegravity
elds about the supersymmetric AdS vacuum. In this regard, our results based on the new
o-shell Einstein-Gauss-Bonnet supergravity presented in [40] and, in more detail, in the
present paper are new and overcome the limitations of an algebraic approach.
Higher order curvature terms are of importance in string theory where the leading
supergravity actions are necessarily corrected by an innite series of quantum corrections
parametrized by the string tension 0 and the string coupling gs. The purely gravitational
higher-curvature terms are also related by supersymmetry to contributions depending on
p-forms. These terms, that have not yet been systematically analyzed in the literature,
1One can also show that it is true with the inclusion of the Ricci scalar squared invariant given in this
paper.
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play an important role in understanding the moduli in compactied string theory and the
low-energy description of string dualities, see, e. g., [44{46].
Since multiplets of extended supersymmetry can be decomposed into (1; 0) multiplets,
in principle, all supergravity models in 6D can be formulated in the (1; 0) framework.
Among all the supergravity models in 6D, the most interesting ones are those coming
from Calabi-Yau compactications of string theory/F-theory which are anomaly free and
possess the duality properties inherited from the parent theories. For instance, the two (1; 1)
supergravities descending from the Heterotic string on T4 and IIA-string on K3 are expected
to be related to each other by the six-dimensional Heterotic/IIA duality transformation to
all order in 0, see the discussion in [46]. So far the 6D duality has been veried rigorously
at the two-derivative level and connects the two (1; 1) supergravity theories introduced by
Romans in [47]. Beyond the leading order, examining the duality becomes a dicult task as
it requires the knowledge of the fully-edged supersymmetric higher-derivative corrections
involving delicate couplings between gravity and matter elds. Some recent progress was
made to the rst order in 0 in [46]. Furthermore, 6D N = (1; 0) supergravity admits
an o-shell formulation which signicantly facilitates the construction of higher-derivative
super-invariants. Thus the o-shell (1; 0) supergravity should provide a useful framework
for testing string duality at higher order. We also notice that under the proposed six-
dimensional duality transformation [46], elds belonging to the dilaton-Weyl multiplet,
which is one of the two variant multiplets of 6D (1; 0) conformal supergravity [48], form
a closed structure. Consequently, testing the duality can be further simplied by focusing
on the subsector consisting of only the dilaton-Weyl multiplet, which will be a main player
in our paper.
In compactied string theory the leading corrections in the higher-derivative series
come from curvature-squared terms given by the Gauss-Bonnet (GB) combination which
has the form RabcdRabcd   4RabRab + R2 = 6R[ababRcd]cd, where Rabcd is the Riemann
tensor, Rab is the Ricci tensor, and R is the Ricci scalar. This is the simplest example of
Lovelock gravity theory and as such it is singled out since it is ghost free, and its equations
of motion are second order in derivatives [49, 50]. In the case of string theory compactied
to D  6, the construction of higher-derivative supergravity invariants can be simplied
thanks to the fact that o-shell supersymmetric techniques can be eciently used. In
particular, the construction of the GB supergravity invariant by using o-shell techniques
was achieved in 4D in [51{58], in 5D in [59{61], while for the 6D case only partial results
were obtained more than thirty years ago [62{65]. Before continuing our discussion it is
worth underlining what was the state of the art in the description of curvature squared
invariants in o-shell 6D N = (1; 0) supergravity and what is new in our paper. Note
that in 6D, up to total derivatives, the general non-supersymmetric curvature squared
Lagrangian has the form RabcdRabcd + RabRab + R2.
A supersymmetric extension of the Riemann curvature squared term was constructed
more than 30 years ago [62{65]. This invariant has been studied in some detail in the
literature. For instance, it has been coupled to the gauged chiral supergravity in six
dimensions extending the Salam-Sezgin model with curvature squared corrections [66] and
the exact spectrum of this model around the half-BPS Minkowski4  S2 background was
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analyzed in [67]. A feature of this model that is worth underlining is that, compared to
the 6D N = (1; 0) Einstein-Hilbert Poincare supergravity, the addition of the Riemann
squared invariant modies the spectrum of the theory. In fact, as we will also review in
section 4 of our paper, o-shell N = (1; 0) Poincare supergravity (we focus for simplicity on
the ungauged case) can be constructed by coupling the dilaton-Weyl multiplet of conformal
supergravity [48] to a linear multiplet. The independent eld content of the rst o-shell
multiplet comprises the vielbein and chiral gravitini (em
a;  mi), the dilatation (bm) and
SU(2)R (Vmkl) gauge connections together with a real scalar eld , a chiral fermion  i,
and a gauge two form bmn. The o-shell linear multiplet is described by an SU(2)R triplet
of scalar elds Lij together with a gauge 4-form bmnpq and a chiral fermion '
i
. The o-shell
Einstein-Hilbert (EH) invariant that can be constructed with the previous eld content [48]
is such that fema ;  mi ; bmn ; L =
p
LijLij=2 ; '
ig are the on-shell physical elds while
f; bm; bmnpq; Vmkl;  ig are either pure gauge degrees of freedom or auxiliary elds. Once
the Riemann tensor squared invariant is added to the supersymmetric EH term some of the
latter elds start to propagate and are not auxiliary any longer [66, 67]. In principle, their
elimination can be performed in a nontrivial expansion in 0, see [66] for the analysis at rst
order. Moreover, the gravitational spectrum is also modied due to the higher-derivative
term that in this case generate ghost modes. A similar pattern emerges when one consider
a linear combination of the supersymmetric EH term and a supersymmetric completion of
the scalar curvature squared which was constructed in 2013 in [68].
Recently, in [40] we presented a new independent curvature squared invariant complet-
ing the classication of the supersymmetric extension of the three curvature squared terms
RabcdRabcd + RabRab + R2. By taking a linear combination of the Riemann squared
invariant and the new invariant, in [40] we described for the rst time the full bosonic sector
of the o-shell N = (1; 0) Gauss-Bonnet term. Besides being free of ghosts in the grav-
itational sector, the supersymmetric Gauss-Bonnet invariant stands apart being the only
o-shell curvature squared invariant that remarkably preserves the same structure of phys-
ical and auxiliary degrees of freedom of the EH term. It is exemplary to note that a general
combination of Riemann squared, Ricci squared and scalar curvature squared, contains a
dynamical terms Rabkl(V)Rabkl(V) for the SU(2)R connection Vmkl which exactly cancels
out only for the GB invariant. One of the main aims of this paper is to describe in detail
the construction of the three curvature squared invariant with the techniques of [48, 69, 70].
Though these invariants were already known in the literature, some of the detail of their
construction were missing. In particular, in [40] we presented the Gauss-Bonnet invariant
but this paper gives a comprehensive description of its construction and the analysis of the
spectrum for the Einstein-Gauss-Bonnet supergravity.
Another main purpose of this paper is to present two other new curvature-squared
invariants. They both arise from a four-derivative action for a compensating linear mul-
tiplet coupled to o-shell N = (1; 0) conformal supergravity. If the linear multiplet is
coupled to the dilaton-Weyl multiplet, as for all the curvature squared invariants discussed
above, one obtains a new invariant that contains a linear combination of Ricci tensor and
scalar curvature squared terms multiplied by a prefactor for the dilaton eld L = e v
which also appears in higher-derivative self-interactions. Alternatively, by coupling the
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new higher-derivative action for the linear multiplet to the standard-Weyl multiplet of o-
shell conformal supergravity2 one can obtain another supersymmetric extension of a linear
combination of Ricci tensor and scalar curvature squared terms. This latest invariant dif-
fers considerably from the previous four since it is constructed by using a variant o-shell
supergravity multiplet. Interestingly, as an application, we will show that the coupling
of this latest invariant to the supersymmetric Einstein-Hilbert term in a standard-Weyl
multiplet leads to a dynamically generated cosmological constant and non-supersymmetric
(A)dS6 solutions.
Before turning to the main technical sections of our paper, it is worth emphasizing
some important features and recent developments of o-shell supergravity that might not
be familiar to all the readers and will play an important role in our paper. A main feature
of o-shell techniques is that the local supersymmetry transformations close without the
use of the equations of motion. This feature makes o-shell formalisms extremely powerful
to describe general supergravity-matter systems without having to worry about the depen-
dence of the supersymmetry transformations upon specic models. In particular, this is a
clear advantage if one is interested in constructing higher-derivatives interactions that on-
shell introduce highly nontrivial modications to the supersymmetry transformations. As
such, a description of the supergravity eective action of superstrings where supersymmetry
closes o-shell would eliminate the complexity of an innite series of 0 and gs corrections
that in an on-shell setting not only appear in the action but also in the supersymmetry
transformations that are both corrected order by order. Furthermore, an o-shell descrip-
tion naturally solves the problem that higher-derivative terms in the on-shell string theory
eective action possess ambiguities arising from curvature dependent eld redenitions of
the metric, such as g0mn = gmn + agmnR + bRmn + : : : with Rmn the Ricci tensor and R
the scalar curvature. This conceptual issue, which plagues the organization of the eective
action, simply disappears if supersymmetry is implemented o-shell since no such rede-
nition leaves the supersymmetry algebra invariant. It is important to stress that such an
o-shell organization of the low-energy string eective action remains in general an open
problem. One of its very nontrivial issues is to understand how the o-shell supergravity
\auxiliary" elds get integrated out3 and if and how they alter the low-energy spectrum.
Though still a longstanding open problem, in this paper we will show how it is possible
to deal with these issues in the restrictive truncation to six dimensional N = (1; 0) and at
rst order in 0.
Formalisms to describe o-shell supergravity-matter systems make use of component
eld techniques within the superconformal tensor calculus or superspace approaches. The
literature on these subjects is vast and we only refer to standard reviews for the 4D case,
2As we will review in detail later, the standard-Weyl multiplet of N = (1; 0) conformal supergravity
includes (em
a;  mi; bm; Vmkl) independent gauge elds, as for the dilaton-Weyl multiplet, but comprises
an anti-self-dual tensor T abc, a real scalar eld D, and a chiral fermion 
i as covariant matter elds [48].
3We refer the reader to [71] for some references on the subject and a very interesting example of how
non-trivial and counterintuitive the integration of auxiliary elds can be. In [71] it was shown how the
innite series of higher derivative interactions of DBI theories coupled to supergravity can remarkably arise
by integrating out the auxiliary elds of 4D N = 2 conformal supergravity in an o-shell R4 action.
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respectively [72] and [73{75]. In the case of 6D N = (1; 0) supergravity, the superconformal
tensor calculus was rst applied in [48] and further developed in [66, 76] where the complete
o-shell action for minimal Poincare supergravity was presented [76] as well as that of
the gauged minimal 6D supergravity [66]. For standard superspace techniques applied to
supergravity in six dimensions see [65, 77{82] and [83]. Note that these references employ
a \Wess-Zumino" superspace approach analogue to the one used to study 4D N = 1 (see,
e.g., [73{75]) and N = 2 supergravity (see, e.g., [84{87]) where the structure group of
the superspace geometry is chosen to be the Lorentz group times (a subgroup of) the
R-symmetry group.
It turns out that the superconformal tensor calculus and the standard superspace
approach to o-shell supergravity are naturally related through the so-called conformal
superspace. In this formalism the entire superconformal algebra is manifestly gauged in
superspace combining the main advantages of both approaches and providing a streamlined
approach for component reduction of superspace results. As such, this approach is a
bridge between the superconformal tensor calculus, where the superconformal group is
gauged manifestly in standard space-time, and standard superspace approaches, where
typically part of the superconformal transformations are non-linearly realized as super-Weyl
transformations [73, 75, 88]. Conformal superspace was rst introduced for 4D N = 1; 2
supergravity in [89, 90] (see also the seminal work by Kugo and Uehara [91]) and it was
developed and extended to 3D N -extended supergravity [92], 5D N = 1 supergravity [61],
and recently to 6D N = (1; 0) supergravity [69], see also [70]. In the last few years, this
approach has proven to be ecient to construct higher-derivative supergravity invariants.
These include the construction of: the three-dimensional 3  N  6 conformal supergravity
actions [93, 94]; the 4D N = 2 Gauss-Bonnet invariant [58]; curvature squared invariants
in 5D N = 1 supergravity [61]; the 6D N = (1; 0) conformal supergravity actions related
to the Type-B conformal anomalies [69, 70]; and recently the 6D N = (1; 0) Gauss-Bonnet
invariant [40]. This paper will then show how this formalism can be eciently employed
to construct curvature-squared invariants for six-dimensional (1; 0) supergravity.
This paper is organized as follows. In section 2 we describe the 6D N = (1; 0) locally
superconformal multiplets that will be used in our paper. In particular, we will describe the
standard-Weyl multiplet, the non-abelian vector multiplet, the linear multiplet, the gauge
3-form multiplet, the tensor multiplet and the dilaton-Weyl multiplet. We will describe
the structure of each of the multiplets both in superspace and in components. In section 3,
by using the superform approach to the construction of supersymmetric invariants [95{99],
we describe how to construct various locally superconformal invariants that will play the
role of action principles. In section 4 we review the construction of the minimal o-shell
N = (1; 0) two-derivative Poincare supergravity theory of [48] within our approach. The o-
shell extension of the Einstein-Hilbert term arises by using a linear multiplet compensator
coupled to a dilaton-Weyl conformal supergravity multiplet. Section 5 contains some of
the main results of our paper: the locally N = (1; 0) supersymmetric extension of all
the curvature squared terms for the minimal Poincare supergravity of section 4 which is
based on a dilaton-Weyl multiplet of conformal supergravity. In particular, two of these
invariants, the Riemann squared and an invariant that was rst constructed in [40], are
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locally superconformal and do not need the coupling to a matter compensator in contrast to
a supersymmetric extension of the scalar curvature squared term. We also present in detail
the o-shell Gauss-Bonnet invariant which is relevant to describing 0 corrections in string
theory compactied to six dimensions. Section 6 is devoted to dening the 6D N = (1; 0)
Einstein-Gauss-Bonnet supergravity theory which arises by adding the o-shell Gauss-
Bonnet to the Einstein-Hilbert invariant. By integrating out the auxiliary elds, whose on-
shell values can be set to zero as in the two-derivative Poincare theory of section 4, we derive
the on-shell Einstein-Gauss-Bonnet supergravity which was rst obtained in [46] by using
string theory arguments. In section 7 we present new curvature squared invariants based
on an higher-derivative action for the linear multiplet compensator which, depending on
the choice of the dilaton-Weyl or the standard-Weyl as conformal supergravity multiplets,
proves to describe two new curvature-squared terms compared to the ones of section 5. In
section 8 we turn to an application of the results of section 6 and describe in detail the
computation of the spectrum of the Einstein-Gauss-Bonnet supergravity theory around the
supersymmetric AdS3S3 vacuum. In section 9 we conclude by discussing our results and
possible future lines of research based on our ndings. The paper includes four appendices.
Appendix A summarises useful results of [69, 70] regarding 6D N = (1; 0) conformal
superspace that are necessary for our paper. In appendix B we collect relevant descendant
components for the composite gauge 3-form multiplet based on the primary (5.17), which
are necessary to derive the complete result for the invariant (5.19). Appendix C includes
the full bosonic part of the new locally superconformal invariant constructed in section 7.
In appendix D we describe how to map our notation and conventions, based on [69, 70], to
the ones of [48] and [76].
2 N = (1; 0) superconformal multiplets
In this section, we describe several superconformal multiplets that will serve as building
blocks for the various curvature squared invariants presented in this paper. We will rst
discuss the standard-Weyl multiplet of conformal supergravity before moving on to the
description of various matter multiplets, including the non-abelian vector, linear, and gauge
3-form multiplets, and concluding with the description of the tensor and dilaton-Weyl
multiplets. For each of the multiplets, we rst elaborate on a superspace description and
then provide their structure in terms of component elds. The readers only interested in
the component results can direct their attention to the second half of each subsection. For
6D N = (1; 0) superspace we make use of the formulation and results of [69, 70].
Before turning to the technical presentation of this section it is worth commenting
about the fact that the non-abelian vector multiplet is described by a closed super 2-form,
the tensor multiplet is described by a closed super 3-form, the gauge 3-form multiplet is
described by a closed super 4-form, and the linear multiplet is described by a closed super
5-form. As was shown in [100], these multiplets are in fact part of a tensor hierarchy of
superforms that also contains as top-form the closed super 6-form used in [69, 70]. Note
that, despite the natural organization of these multiplet in a tensor hierarchy, we will
organize this section by following a more traditional order, as for instance similar to the
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one used in [48], and present these multiplets by increasing complexity of their structure
and the physical role they will play in the applications studied in our paper. For instance,
we leave the description of the tensor multiplet to the end of this section. Compared to
the other matter multiplets, the tensor multiplet stands apart since in the at limit it
is on-shell and in the curved case it is directly linked to the description of the o-shell
dilaton-Weyl multiplet of conformal supergravity.
2.1 The standard-Weyl multiplet
The standard-Weyl (or type I) multiplet of N = (1; 0) conformal supergravity is associated
with the local o-shell gauging of the superconformal group OSp(8j1) [48]. The multiplet
contains 40 + 40 physical components described by a set of independent gauge elds: the
vielbein em
a and a dilatation connection bm; the gravitino  m

i , associated with the gauging
of Q-supersymmetry; and SU(2)R gauge elds Vmij . The other gauge elds associated with
the remaining generators of OSp(8j1) are composite elds. In addition to the independent
gauge connections, the standard-Weyl multiplet comprises a set of covariant matter elds:
an anti-self-dual tensor T abc; a real scalar eld D; and a chiral fermion 
i. We start by
reviewing how to embed this in conformal superspace [69] and then, following [70], we will
show how to derive the component structure of the multiplet.
2.1.1 The standard-Weyl multiplet in superspace
We begin with a curved six-dimensional N = (1; 0) superspaceM6j8 parametrized by local
bosonic (xm) and fermionic (i) coordinates:
zM = (xm; i ) ; (2.1)
where m = 0; 1;    ; 5,  = 1;    ; 4 and i = 1; 2. By gauging the full 6D N = (1; 0) super-
conformal algebra we introduce covariant derivatives rA = (ra;ri) that have the form
rA = EA   1
2

A
abMab   AklJkl  BAD  FABKB : (2.2)
Here EA = EA
M@M is the inverse super-vielbein, Mab are the Lorentz generators, J
ij
are generators of the SU(2)R R-symmetry group, D is the dilatation generator and
KA = (Ka; Si ) are the special superconformal generators. The supervielbein one form
is EA = dzMEM
A with EM
AEA
N = NM , EA
MEM
B = BA . The Lorentz 
A
ab =  
Aba,
SU(2)R A
kl = A
lk, dilatation BA and special conformal FAB connections are associ-
ated with their respective structure group generators (Mab; J
ij ;D;Ka; Si ). The super
one-form connections are 
ab := dzM
M
ab = EA
A
ab, kl = dzMM
kl = EAA
kl,
B := dzMBM = E
ABA, and FB := dz
MFMB = E
AFAB.
To describe the standard 6D (1; 0) Weyl multiplet in conformal superspace, one con-
strains the algebra of covariant derivatives
[rA;rBg =  TABCrC   1
2
R(M)AB
cdMcd  R(J)ABklJkl
 R(D)ABD R(S)ABkSk  R(K)ABcKc ; (2.3)
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to be completely determined in terms of the super-Weyl tensor supereld W [69, 83, 101]
satisfying
W = W  ; KAW = 0 ; DW = W ; (2.4)
and the Bianchi identities
r(irj)W  =  ([r
(i
]rj) W ) ; (2.5a)
rkrkW   
1
4
rkrkW  = 8irW  : (2.5b)
Due to the relation W = 1=6(~abc)Wabc, the super-Weyl tensor is equivalent to an
anti-self-dual rank-3 tensor supereld Wabc. In (2.3) TAB
C is the torsion, and R(M)AB
cd,
R(J)AB
kl, R(D)AB, R(S)ABK and R(K)ABc are the curvatures corresponding to the
Lorentz, SU(2)R, dilatation, S-supersymmetry and special conformal boosts, respectively.
Their expressions in terms of W and its descendant superelds of dimension 3/2
Xi :=   i
10
riW ; Xk  :=  
i
4
rkW   ( X)k ; (2.6)
and of dimension 2
Y
ij :=  5
2

r(iXj)  
1
4
r(iXj)

=  5
2
r(iXj) ; (2.7a)
Y :=
1
4
rkXk ; (2.7b)
Y
 := rk(X)k  
1
6

(
 rkXk)  
1
6
( rkXk) ; (2.7c)
are collected in appendix A. There we also collect the (anti-)commutators among the struc-
ture group generators and with the covariant derivatives. Note that, compared to [69], in
this paper we will make use of conformal superspace with a redened vector covariant
derivative which corresponds to choosing the \traceless" frame conventional constraints
employed for the rst time in [70].4 The superspace and component structures correspond-
ing to this choice are summarized below and in appendix A.
The superelds Xi, Xk
 , Y
ij , Y and Y
 satisfy the nontrivial Bianchi identi-
ties (A.7) [69] that are consequences of (2.5). These imply that the previous ve superelds
are the only independent descendants obtained by acting with spinor derivatives on W .
At higher mass dimension all the descendants are vector derivatives of the previous ve,
see (A.5). See also (A.6) for the action of the S-generators on Xi, Xk
 , Y
ij , Y and
Y
 that prove to be all annihilated by Ka.
In conformal superspace, the gauge group of conformal supergravity, G, is generated
by covariant general coordinate transformations, cgct, associated with a local superdieo-
morphism parameter A and standard superconformal transformations, H, associated with
4In [70] we denoted the covariant derivatives of [69] as rA = (ra;ri) while derivatives in dierent
frames were denoted by r^A = (r^a;ri). Since in this paper we will always use the traceless frame of [70]
we will remove everywhere the hats but the reader should not confuse rA = (ra;ri) with the ones of [69].
Equation (A.8) explains the relation between the two vector derivatives.
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the following local supereld parameters: the dilatation , Lorentz ab =  ba, SU(2)R
ij = ji, and special conformal (bosonic and fermionic) transformations A = (a;
i
).
The covariant derivatives transform as
GrA = [K;rA] ; (2.8)
where K denotes the rst-order dierential operator
K = CrC + 1
2
abMab + 
ijJij + D+ AKA : (2.9)
A covariant (or tensor) supereld U transforms as
GU = (cgct + H)U = KU : (2.10)
The supereld U is said to be primary and of dimension  if KAU = 0 and DU = U .
The super-Weyl tensor W is a primary dimension 1 covariant supereld.
2.1.2 The standard-Weyl multiplet in components
Following the analysis of [70], let us now describe how to obtain the component description
of the Weyl multiplet from the previous superspace geometry.
The vielbein (em
a) and gravitini ( m

i ) appear as the  = 0 projections of the coe-
cients of dxm in the supervielbein EA one-form,
ea = dxmem
a = Eajj ;  i = dxm mi = 2Ei jj ; (2.11)
where the double bar denotes setting  = d = 0 [70, 102, 103]. The remaining fundamental
and composite one-forms correspond to double-bar projections of superspace one-forms,
Vkl := kljj ; b := Bjj ; !cd := 
cdjj ; k := 2Fk jj ; fc := Fcjj : (2.12)
The covariant matter elds are contained within the super-Weyl tensor Wabc and its
independent descendants as follows:
T abc :=  2Wabcj ; (2.13a)
i :=
15
2
Xij =  3i
4
riW j ; (2.13b)
D :=
15
2
Y j =   3i
16
rkrkW j ; (2.13c)
where a single line next to a supereld denotes setting  = 0. The lowest components of
the other nontrivial descendants of W , specically Xi
 j, Yklj and Yj, prove to be
directly related to component curvatures and then they are composite elds.
By taking the double bar projection of r = EArA, the component vector covariant
derivative ra is dened to coincide with the projection of the superspace derivative raj,5
em
ara = @m   1
2
 m

i rij  
1
2
!m
cdMcd   bmD  VmklJkl   1
2
m
i
S

i   fmaKa : (2.14)
5Depending on the context it should be clear to the reader whether ra denotes the superspace or the
component vector derivatives.
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In this framework, the projected spinor covariant derivative rij corresponds to the gener-
ator of Q-supersymmetry, and is dened so that if U = U j, then QiU := rijU := (riU)j.
For the other generators, as e.g. McdU = (McdU)j, there is no ambiguity in identifying the
bar projection and then the local dieomorphisms, Q-supersymmetry transformations, and
so on descend naturally from their corresponding rule in superspace.
The component supercovariant curvature tensors, arising from the commutator of two
ra derivatives, are dened as R(P )abc = Tabcj and R(Q)abk = Tabk j, and with R(M)abcd,
R(J)ab
kl, R(D)ab, R(S)abk and R(K)abc coinciding with the lowest components of the
corresponding superspace curvatures that are given in appendix A. Note that (A.4a), (A.4c)
and (A.4b) imply that Xi
 j, Yj and Yklj are identied with the R(Q)abk , R(M)abcd
and R(J)ab
kl component curvatures, respectively.
The constraints on the superspace curvatures determine how to supercovariantize a
given component curvature by simply taking the double bar projection of the superspace
torsion and each of the superspace curvature two forms. Upon doing so one nds [70]
R(P )ab
c = 0 ; (2.15a)
R(Q)abk =
1
2
	abk + i~[ab]k +
1
24
T cde~
cde[a b]k ; (2.15b)
R(D)ab = 2eamebn@[mbn] + 4f[ab] +  [aib]i +
i
15
 [a
jb]j ; (2.15c)
R(M)ab
cd = Rabcd(!) + 8[c[afb]d] + i [ajb]R(Q)cdj + 2i [aj[cR(Q)b]d]j
   [ajcdb]j  
2i
15

[c
[a b]j
d]j +
i
2
 [a
je b]j T
 
e
cd ; (2.15d)
R(J)ab
kl = Rabkl(V) + 4 [a(kb]l) +
4i
15
 [a
(kb]
l) ; (2.15e)
where we have introduced the derivatives
Dm = @m   1
2
!m
bcMbc   bmD  VmijJij ; Da = eamDm ; (2.16)
together with the curvature and eld strengths
	ab

k := 2ea
meb
nD[m n]k ; (2.17a)
Rabcd := Rabcd(!) = eamebn

2@[m!n]
cd   2![mce!n]ed

; (2.17b)
Rabkl := Rabkl(V) = eamebn

2@[mVn]kl + 2V[mp(kVn]pl)

: (2.17c)
On the other hand, due to the superspace curvature constraints Tab
c = 0, (A.4a) and (A.4b),
the \traceless" conventional constraints for the component curvatures follow [70]
R(P )ab
c = 0 ; (2.18a)
bR(Q)abk = 0 ; (2.18b)
R(M)ac
bc = 0 : (2.18c)
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The conditions (2.18) allow one to solve for the composite connections as follows:
!abc = !(e)abc   2a[bbc]  
i
4
 b
ka ck   i
2
 a
k[b c]k ; (2.19a)
m
k =
i
16

bcm   3
5
m~
bc

	bc
k +
1
12
T def ~
def[b c]
k

; (2.19b)
fa
b =  1
8
Rab(!) + 1
80
baR(!) +
1
8
 [aj
bcc]
j   1
80
ba cj
cdd
j
+
i
16
 cjaR(Q)
bcj +
i
8
 cj
[bR(Q)a
c]j +
i
60
 aj
bj
+
i
16
 a
jc dj T
 bcd   i
160
ba c
jd ej T
 cde ; (2.19c)
where !(e)abc =  12(Cabc + Ccab   Cbca) is the usual torsion-free spin connection given in
terms of the anholonomy coecient Cmna := 2 @[men]a.
The supersymmetry transformations of the independent elds in the standard-Weyl
multiplet may also be read o from the superspace results
em
a =  ika mk ; (2.20a)
 mi = 2Dmi + 1
12
T abc~abcmi + 2i~mi ; (2.20b)
Vmkl =  4(kml)   4i
15
(km
l) + 4 m
(kl) ; (2.20c)
bm = im
i +
i
15
im
i +  m
ii   2emaa ; (2.20d)
T abc =  
i
8
kdeabcR(Q)dek   2i
15
kabc
k ; (2.20e)
i =
1
2
Di   3
4
R(J)ab
ij~abj +
1
4
raT bcd~bcdai   iT abc~abci ; (2.20f)
D =  2i j =rj   4kk : (2.20g)
Here
rdT abc = DdT abc +
i
15
(abc) d

k
k +
i
2
(abc) d

kX
k

 ; (2.21a)
=rj = =Dj + i
15
T bcd~
bcdaa
j ; (2.21b)
and we have restricted to the Q, S and K transformations,  = Q + S + K , whose
local component parameter are given by i, 
i and a respectively dened as the  = 0
components of the corresponding supereld parameters, i j, i := ij and a := aj.
2.2 The non-abelian vector multiplet
By following the discussion and conventions of [69, 70], let us turn to the description of a
non-abelian vector multiplet.
2.2.1 The non-abelian vector multiplet in superspace
To describe the non-abelian vector multiplet in superspace, we introduce the gauge-
covariant derivatives
r = EArA ; rA := rA   iVA ; (2.22)
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where the gauge connection one-form V1 = EAVA takes its values in the Lie algebra of the
(unitary) Yang-Mills gauge group, GYM, with its (Hermitian) generators commuting with
all the generators of the superconformal algebra. The gauge-covariant derivatives satisfy
the algebra
[rA;rBg =  TABCrC   1
2
R(M)AB
cdMcd  R(J)ABklJkl  R(D)ABD
 R(S)ABkSk  R(K)ABcKc   iFAB ; (2.23)
where the torsion and curvatures are those of conformal superspace while FAB corresponds
to the gauge covariant eld strength two-form F2 = rV1 = 12EB ^ EAFAB. The eld
strength F2 satises the Bianchi identity
rF2 = 0 () r[AFBC) + T[ABDF jDjC) = 0 : (2.24)
The Yang-Mills gauge transformation acts on the gauge-covariant derivatives rA and a
matter supereld U (transforming in some representation of the gauge group) as
rA ! eirAe i ; U ! U 0 = eiU ;  y =  ; (2.25)
where the Hermitian gauge parameter  (z) takes its values in the Lie algebra of GYM. This
implies that the gauge one-form and the eld strength transform as follows:
V1 ! eiV1e i + i ei d e i ; F2 ! eiF2e i : (2.26)
Some components of the eld strength have to be constrained in order to describe an
irreducible multiplet. In conformal superspace the right constraints are [69, 83, 104]
F ij = 0 ; Faj = (a)i ; (2.27a)
where i is a conformal primary of dimension 3/2, Sk
i = 0 and Di = 32
i. The
Bianchi identity (2.24) together with the constraints (2.27a) x the remaining component
of the two-form eld strength to be
Fab =   i
8
(ab)
rkk (2.27b)
and x i to obey the dierential constraints [69, 83, 104]:
rkk = 0 ; r(ij) =
1
4
r(i j) : (2.28)
It is useful to list some identities for spinor covariant derivatives acting on the primary
i and the descendant superelds F =  14(ab)Fab and
Xij :=
i
4
r(i j) : (2.29)
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These are
rij =  iij   2i"ijF ; (2.30a)
riF =  ri   ri +
1
2
ri   "W i ; (2.30b)
riXjk = 2"i(jrk) : (2.30c)
It is also useful to note that the S-supersymmetry generator acts on the descendants of
the supereld i as follows:
SkF =  4ik + ik ; SkXij =  4i(ik j) : (2.31)
Note that the two-form eld strength is invariant under special superconformal transfor-
mations and is hence a primary superform, KCF2 = 0.
2.2.2 The non-abelian vector multiplet in components
The component structure of the vector multiplet can be readily extracted from the su-
pereld description above, see [70] for more details. The gaugino of the vector multiplet
is given by the projection ij. The component one-form vm and its eld strength fmn
are given by Vmj and Fmnj, respectively. The supercovariant eld strength F ab is simply
given by Fabj and is related to fmn = 2@[mvn] as
F ab = ea
meb
nfmn +  [akb]
k : (2.32)
The last physical eld of the vector multiplet is simply the bar-projection of Xij .
In what follows, to avoid awkward notation, when the correct interpretation is clear
from the context, we will associate the same symbol for the covariant component elds and
the associated superelds. The superelds i, Xij , together with F , are all annihi-
lated by Ka hence all their bar-projections are K-primary elds. Using this fact together
with (2.30) and (2.31) the  = Q+S +K transformations of the component elds follow:
j =  i iXij + i
2
~abjFab ; (2.33a)
Xij =  2 (i =rj)   4i (ij) ; (2.33b)
Fab = 2 i[arb]i + T abc ici + 2i i~abi ; (2.33c)
where
rai = Dai + i
2
Xij aj   i
4
~bc a
iF bc ; (2.34a)
Da := eam

@m   1
2
!m
cdMcd   bmD  VmklJkl   ivm

: (2.34b)
The transformation rule of the component connection vm can be computed by rst noticing
that KAF2 = 0 and then by taking the double bar projection of the supergravity gauge
transformation of V1, GV1 = EABFBA, which leads to
vm = em
akFkaj =  kmk : (2.35)
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2.3 The linear multiplet
Let us turn to describing the 6D o-shell linear multiplet coupled to conformal supergravity.
2.3.1 The linear multiplet in superspace
The linear multiplet, or O(2) multiplet, can be described using a 4-form gauge potential
B4 =
1
4!E
D ^ EC ^ EB ^ EABABCD possessing the gauge transformation
3B4 = d3 ; (2.36)
where the gauge parameter 3 is an arbitrary super 3-form. The corresponding 5-form eld
strength is
E5 = dB4 =
1
5!
EE ^ ED ^ EC ^ EB ^ EAEABCDE ; (2.37)
where
EABCDE = 5r[ABBCDE) + 10T[ABFBjF jCDE) : (2.38)
The eld strength satises the Bianchi identity
dE5 = 0 () r[AEBCDEF ) +
5
2
T[AB
GEjGjCDEF ) = 0 : (2.39)
In order to describe the linear multiplet we need to impose covariant constraints on
the eld strength E5
Eabc
i

j
 = 4i(abc)L
ij ; Lij = Lji ; SkL
ij = 0 ; DLij = 4Lij ; (2.40a)
and require all lower mass-dimension components of EABCDE to vanish. The remaining
components of E5 are constrained by the Bianchi identities (2.37) to be dened in terms
of the supereld Lij , and its descendants as
Eabcd
i
 =
1
3
"abcdef (
ef )
rjLij ; (2.40b)
Eabcde =
i
12
"abcdef (~
f )rkrlLkl  "abcdefEf ; (2.40c)
where Lij is constrained to satisfy the dening constraint for the linear multiplet6
r(iLjk) = 0 : (2.41)
The highest dimension component of the superform satises the Bianchi identity raEa = 0
with Ea = 15!"
abcdefEbcdef .
7
6The linear multiplet in six dimensions was introduced in [105, 106] for the Minkowski case extending
the 4D results of [104, 107{111]. See [48, 83, 112, 113] for other references about the coupling of the linear
multiplet to 6D supergravity.
7The reader should not confuse Ea with the vector supervielbein.
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In order to elaborate on the component structure of the supereld Lij , the following
identities prove useful:
riLjk =  2"i(j'k) ; (2.42a)
ri'j =  
i
2
"ijE   irLij ; (2.42b)
rkE =  8r['k]   2r'k + 2"W 'k ; (2.42c)
where we have dened the descendant superelds
'i :=  
1
3
rjLij ; Ea =   i
4
(~a)
rk'k ; E = (a)Ea : (2.43)
These prove to be annihilated by Ka and to satisfy
Sj '
i
 = 8

L
i
j ; S

kE =  40i[']k : (2.44)
These turn out to be equivalent to the condition that E5 is a primary superform K
CE5 = 0.
2.3.2 The linear multiplet in components
The covariant component elds of the linear multiplet can be identied by the component
projections of Lij and 'i. The component gauge 4-form and its 5-form eld strength can be
identied by the component projections bmnpq := Bmnpqj and hmnpqr = 5@[mbnpqr], respec-
tively. In the paper we will also use the Hodge dual of the 4-form ~bmn = 14!"
mnpqrsbpqrs.
8
The supercovariant eld strength is just the component projection of Eabcde, or equivalently
Ea, the top component of the superform E5. At the component level it holds
Ea = ha    biab'i   i
2
 bi
abc cjL
ij ; ha =
1
5!
"amnpqrhmnpqr : (2.45)
In the previous equation and in what follows we drop the component projection of the
descendant elds when it is clear from context what we mean. The supersymmetry trans-
formations of the covariant elds can be read o from (2.42) and (2.44) which give
Lij = 2(i'j) ; (2.46a)
'i =
i
2
iaEa   ij =raLji   8jLij ; (2.46b)
Ea = 2iabrb'i + 1
12
ia~
bcdT bcd'i   10ii~a'i ; (2.46c)
where
raLij = DaLij    a(i'j) ; (2.47a)
ra'i = Da'i   i
4
 a
ibE
b   i
2
 aj =rLij + 4ajLij : (2.47b)
8It is worth reminding that in our notation, see appendix A of [69], the Levi-Civita tensors with curved
indices include e or e 1 factors since we use the following denitions "mnpqrs := "abcdefeamebnecpedqeeref s,
and "mnpqrs := em
aen
bep
ceq
der
ees
f"abcdef , with "abcdef such that "012345 =  "012345 = 1.
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The transformation of the component gauge eld bmnpq can be obtained by project-
ing to components the supergravity gauge transformation of B4, GB4 = 14!E
A4 ^   
^EA1BEBA1A4 . This leads to
bmnpq = e[q
dep
cen
b

em]
aj E
j
abcdj+ 2 m]i j Ejiabcj

=  "mnpqef jef'j + 8i [minpq]jLij : (2.48)
The transformations of the components of the linear multiplet reproduce, up to the change
of notation described in appendix D, the results of [48].
2.4 The gauge 3-form multiplet
In this section we introduce another o-shell multiplet that will play a central role in the
construction of an invariant action principle in our paper. This was described in [100] and
also in [69, 70]. It contains a closed 4-form eld strength amongst its component elds,
which can be solved in terms of a gauge 3-form. We will refer to it as the gauge 3-form
multiplet.
2.4.1 The gauge 3-form multiplet in superspace
The gauge 3-form multiplet can naturally be described in superspace using a super 3-form
B3 =
1
3!E
C ^ EB ^ EABABC possessing the gauge transformation
2B3 = d2 ; (2.49)
where 2 is a two-form gauge parameter. The corresponding eld strength is
H4 = dB3 =
1
4!
ED ^ EC ^ EB ^ EAHABCD ; (2.50a)
HABCD = 4r[ABBCD) + 6T[ABFBjF jC) : (2.50b)
The 4-form eld strength satises the Bianchi identity
dH4 = 0 =) r[AHBCDE) + 2T[ABFHjF jCDE) = 0 : (2.51a)
In order to describe an irreducible 3-form multiplet it is necessary to impose the fol-
lowing covariant constraints [100] on the eld strength H4:
Hab
k

l
 = i(abc)B
ckl ; SkBa
ij = 0 ; DBaij = 3Baij ; (2.51b)
with all lower dimension components of the superform vanishing. The Bianchi iden-
tity (2.51a) xes the remaining components as
Habc
l
 =  
1
12
"abcdef (
de)
rpBf lp ; (2.51c)
Habcd =
i
48
"abcdef (~
e)rkrlBf kl ; (2.51d)
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and requires Ba
ij to satisfy the constraints9
r(iBjk) =  
2
3
[ r(i B]jk) ; (2.52a)
[r(i ;rk]Bj)k =  8irBij : (2.52b)
The supereld Ba
ij has a large number of descendants, only some of which will appear
in the eld strength H4 or in the action principle we will construct based upon it. The
relevant ones are
ijk :=
i
3
r(iBjk) ; (2.53a)
a
i :=
2i
3
rjBaij ; (2.53b)
Cab :=
1
8
(~a)
rkbk ; (2.53c)
where the reader is cautioned that Cab is a generic rank-two tensor containing both a
symmetric and antisymmetric part. These descendants satisfy the following useful relations,
which are consequences of the constraints (2.52)
riBajk =  
i
2
(a)
ijk   i "i(jak) ; (2.54a)
ribj =  
1
2
(b)C
ij +
1
6
(b)C
ij + "ij (a)Cab
  2(a)raBbij + 4 (c)WcbaBaij ; (2.54b)
riCab =  
i
8
ab
i   i
8
(ab)

i +
i
8
(b)(~a)

i + i(ac)
 rcbi
+
 
2i ab(c)   2i ac(b)   i(abc)

Xj B
cij   4i (a)Bcij(bc)Xj
  i
2
Wacd(
cd)
 b
i + 2iWb
cd (ad)
 c
i ; (2.54c)
and
Ska
i =  44i
3
Bak
i   4i
3
(ab)
Bbk
i ; (2.55a)
SkCab =  
9
2
(~a)
bk   1
2
(~b)
ak +
1
2
ab(~c)

c
k +
1
2
(~abc)

c
k ; (2.55b)
while each is annihilated by Ka. These conditions are equivalent to the condition that
H4 is primary, K
CH4 = 0. Note in the supersymmetry transformations (2.54), additional
component elds appear. These are dened by the descendants
C
ij :=
3
4
rkijk ; i :=  2i
3
r[jC]ij ; (2.56)
but we do not give their transformations here as they are unnecessary for what follows. A
more complete discussion of this multiplet can be found in [69, 70].
9It was shown in [69, 70] that a reducible multiplet described by a primary supereld Ba
ij satisfying
only (2.52a) but not (2.52b) can be used to construct a non-primary super 6-form. This plays an important
role in, e.g., providing a density formula for the full superspace integral and to describe one of the two
N = (1; 0) conformal supergravity actions.
{ 18 {
J
H
E
P
0
4
(
2
0
1
9
)
0
1
3
2.4.2 The gauge 3-form multiplet in components
The component structure of the 3-form multiplet follows from the superspace con-
straints (2.52). Besides the lowest components of the descendant superelds a
i and
Cab, there are other component elds of Ba
ij that we do not summarise here, see [70] for
more details. In later sections, we will only make use of the component projections of Ba
ij ,
a
i, and Cab whose  = Q + S + K transformation, that follow from (2.54) and (2.55),
prove to be
Ba
jk =   i
2
ia
ijk + i (ja
k) ; (2.57a)
b
j =
1
2
C
ij(bi) +
1
6
i C
ij(b) + (
aj)Cab + 2(
ai)raBbij
+ 2 (ci) T
 
cbaB
aij +
44i
3
jBa
ij +
4i
3
(abj)B
bij ; (2.57b)
Cab =   i
8
ab i
cc
i +
i
8
i
c~abc
i +
i
2
iba
i + i iacrcbi
+

4
15
i ab icj   4i
15
ac ibj   2i
15
iabcj   4i iaR(Q)bcj

Bcij
+
i
4
T acd i
cdb
i   iT b cd iadci  
9
2
k~abk   1
2
k~bak
+
1
2
ab 
k~c
c
k +
1
2
k~abc
c
k : (2.57c)
2.5 The tensor multiplet and the dilaton-Weyl multiplet
So far we have described various o-shell multiplets coupled to the standard-Weyl (or type
I) multiplet of N = (1; 0) conformal supergravity [48]. In this subsection we introduce
a variant o-shell formulation in which the matter elds (T abc; 
i; D) of the standard-
Weyl multiplet are replaced by a scalar , a gauge two-form tensor bmn, and a chiral
 i matter elds. These elds belong to a 6D (1; 0) tensor multiplet [105, 114] which once
coupled to the standard-Weyl multiplet, can be used to dene a new multiplet of conformal
supergravity: the dilaton-Weyl (or type II) multiplet [48]. This plays an important role in
six-dimensional supergravity since, to date, it has proven to be the simplest formulation
that can be consistently used to construct actions for general o-shell supergravity-matter
systems. In at superspace, the tensor multiplet has been constructed as a super gauge
two-form [115]. Extending the curved superspace analysis of [83], we will rst introduce
the dilaton-Weyl multiplet by consistently describing the tensor multiplet gauge two-form
in conformal superspace, see also [113]. Successively, we will reproduce the description in
components of [48].
2.5.1 The tensor multiplet and the dilaton-Weyl multiplet in superspace
Consider a super two-form gauge potential B2 =
1
2E
B ^ EABAB possessing the gauge
transformation
1B2 = d1 ; (2.58)
where 1 is a one-form gauge parameter. The corresponding eld strength is
H3 = dB2 =
1
3!
EC ^ EB ^ EAHABC ; (2.59)
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where
HABC = 3r[ABBC) + 3T[ABFBjF jC) : (2.60)
The eld strength must satisfy the Bianchi identity
dH3 = 0 =) r[AHBCD) +
3
2
T[AB
EHjEjCD) = 0 : (2.61)
In order to describe the tensor multiplet we need to impose some covariant constraints
on the eld strength H3 [83, 115]
H i
j

k
 = 0 ; Ha
i

j
 = 2i"
ij(a) ; S

i  = 0 ; D = 2 : (2.62)
By using the Bianchi identities (2.61), the remaining components of the superform H3 are
uniquely xed in terms of  and its descendants. The solution implies that  satises the
dierential constraint corresponding to the tensor multiplet
r(irj)  = 0 ; (2.63)
and also determines the higher dimension super-form components to be
Hab
i
 = (ab)
ri ; (2.64a)
Habc =   i
8
(~abc)
rkrk  4Wabc : (2.64b)
It is worth noting that the constraint (2.63) can be solved in terms of a constrained pre-
potential V i as follows [83, 115, 116]
 = rkV k ; r(iV j)  
1
4
r(i V j) = 0 : (2.65)
It is in fact simple to prove that the following two-form
B2 =  8iEj ^ Ea(a)V j   Eb ^ Ea(ab)riV i (2.66)
obeys dB2 = H3. The prepotential V i is dened up to a shift by a supereld describing an
abelian vector multiplet, V i ! V i + i which leaves H3 of (2.62) and (2.64) invariant.
We introduce the following descendants of 
 i := ri ; H =
1
6
(abc)H
+
abc =  irk( )k ; (2.67)
where we used the decomposition of Habc into self-dual and anti-self-dual parts
Habc = H
+
abc +H
 
abc. The superelds  
i
 and H satisfy
ri j =  
i
2
"ijH   i"ijr ; (2.68a)
rkH =  4r( k) ; (2.68b)
and
Sj  
i
 = 4


i
j ; S

kH =  24i( )k : (2.69)
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Both  i and H are annihilated by K
a. Note also that (2.69) turn out to be equivalent
to H3 being a primary superform K
CH3 = 0.
Assuming the tensor multiplet supereld  is everywhere nonvanishing,  6= 0, which
is a standard requirement for a conformal compensator, it is straightforward to check that
the constraint (2.63) implies the following relations
Wabc =   1
4
H abc ; (2.70a)
Xi =   i
4

r i  W i

; (2.70b)
Y =
1
2

rara  4Xi i   2
3
W abcHabc

: (2.70c)
This shows that the covariant supereld of the standard-Weyl multiplet, Wabc and its
descendants, are now composed of the tensor multiplet covariant superelds , Habc and
their descendants. The result is a superspace description of the dilaton-Weyl (or type II)
multiplet of conformal supergravity [48, 83].
2.5.2 The tensor multiplet and the dilaton-Weyl multiplet in components
The covariant component elds of the tensor multiplet can be identied by the component
projections  := j and  ij. The supercovariant 3-form eld strength is just the compo-
nent projection of the supereld Habc. By taking the double bar projection of (2.59) one
can derive
Habc = habc +
3
2
 [a
ibc] i +
3i
2
 [a
ib c]i : (2.71)
Using (2.68) and (2.69), and suppressing the component projection on the superelds
 i and H
+
abc, one can obtain the  = Q + S + K transformations of the components:
 = i 
i ; (2.72a)
 i =
i
12
iabcH
abc + ii =r + 4i ; (2.72b)
H+abc =  
1
2
k
d~abcrd k   3ik~abc k ; (2.72c)
where
ra = Da   1
2
 ai 
i ; (2.73a)
ra i = Da i   i
24
bcd a
iHbcd   i
2
 a
i =r   2ai : (2.73b)
The transformation of the component gauge two-form bmn = Bmnj can be obtained by using
the fact that B2 is a primary superform and by projecting to components the supergravity
gauge transformation of B2, GB2 = 12E
B ^ EACHCAB, leading to
bmn = e[n
b
 
em]
akH
k
 abj+  m]i kHk ibj

= imn 
i + 2ii[m n]
i : (2.74)
{ 21 {
J
H
E
P
0
4
(
2
0
1
9
)
0
1
3
The relations (2.70) that dene the dilaton-Weyl multiplet in superspace translate to the
following at the component level
T abc =
1
2
H abc ; (2.75a)
i =  15i
8
=r i   5i
32
T abc~
abc i ; (2.75b)
D =
15
4
rara   2i i + 15
12
T abcH
abc ; (2.75c)
with
rara =

Dara   4faa + i
2
 ai
ai

   1
2
 ai

ra i + 1
4
T bcd
a~bcd i

+
i
2
a
i~a i ; (2.76)
where ra and ra i are respectively given in (2.73a) and (2.73b), while
fa
a =  1
20
R  i
8
 ak
bR(Q)ab
k+
i
60
 ak
ak+
1
20
 ak
abb
k+
i
40
 a
kb ck T
 abc : (2.77)
In all the previous equations the reader should keep in mind that on the right hand side
T abc, 
i and D are built from the tensor multiplet covariant elds ,  i and Habc. Equa-
tions (2.75) in fact show how in the dilaton-Weyl multiplet the covariant elds of the
standard-Weyl multiplet are replaced with the elds of the tensor multiplet. The dilaton-
Weyl multiplet will play a central role in the construction of curvature squared terms in
later sections.
The supersymmetry transformations of the independent component connections of the
dilaton-Weyl multiplet (em
a;  mi;Vmkl; bm) can be read straightforwardly from the trans-
formation rules of the same elds in the standard-Weyl multiplet (2.20a){(2.20d) where
now (2.75) should be used everywhere. The transformation rules of the independent mat-
ter elds (;  i; bmn) of the dilaton-Weyl multiplet are respectively given by (2.72a), (2.72b)
and (2.74).
In this section we have described in detail various o-shell matter multiplets coupled
to the standard-Weyl multiplet. For each of these multiplets, it is clear that the same
analysis holds straightforwardly in the case of the coupling to the dilaton-Weyl multiplet.
In fact, to switch from one o-shell conformal supergravity multiplet to the other, it is only
necessary to use equations (2.75) everywhere or their supereld equivalents.
3 Locally superconformal action principles
In this paper we will make use of three action principles to construct various locally su-
perconformal invariants. One of these involves the product of a linear multiplet with an
Abelian vector multiplet and describes the supersymmetric extension of a B4 ^ F2 term.
This action formula was the main building block for the supergravity invariants in [48]. In
superspace it may be described by a full superspace integralZ
d6x d8 E Uij L
ij ; (3.1)
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where Uij is the Mezincescu prepotential for the vector multiplet [117, 118], L
ij is a linear
multiplet and E = Ber(EM
A) is the Berezinian (or superdeterminant) of the supervielbein.
A second locally superconformal invariant is the so-called A action principle of [69, 70].
This is based on a primary dimension-9/2 supereld A
ijk whose dierential constraint will
be reviewed later in this section. This describes the bottom component of a covariant closed
super 6-form that was originally constructed in [100].
Another action formula involves the product of a tensor multiplet with a gauge 3-form
multiplet and it describes the supersymmetric extension of a B2 ^H4 term. Its existence
was noted in [69] where it was described in terms of the A action principle with a supereld
Lagrangian A
ijk chosen as
A
ijk = "V
(iBjk) ; (3.2)
where V i is a prepotential for the tensor multiplet (2.65) while Bij = (~a)Ba
ij is the
primary supereld describing a gauge 3-form supermultiplet as in section 2.4. The bosonic
component structure of this new locally superconformal invariant was given in [40] while
its complete structure is given for the rst time here in our paper.
The A action principle was already studied in detail in [69, 70]. In this section we are
going to present a construction of both the B4 ^F2 and B2 ^H4 action principle by using
the superform approach to construct supersymmetric invariants [95{99]. The advantage
compared to using (3.1) and (3.2) is two-fold: rstly, we will see that no prepotential
superelds, either for the vector or tensor multiplets, appear explicitly; secondly, it is
straightforward to reduce the results to component elds making direct contact with the
superconformal tensor calculus. Our approach follows the one of, e.g., [93, 119{121].
3.1 Superform construction of locally superconformal invariants
For a 6D N = (1; 0) superspace, we introduce a closed 6-form J
J =
1
6!
dzM6 ^    ^ dzM1 JM1M6(z) ; dJ = 0 : (3.3)
Such a closed superform leads to the supersymmetric action principle [95{99]
S =
Z
M6
iJ =
Z
d6x e J j=0 ; e := det ema ; (3.4a)
J :=
1
6!
"m1m2m3m4m5m6Jm1m2m3m4m5m6 ; (3.4b)
where i :M6 !M6j8 is the inclusion map and i is its pullback which eectively acts as
the double bar projection, i = d

i = 0. Due to the transformation rule of a closed 6-form
J = LJ  idJ + diJ = diJ ; (3.5)
up to boundary terms that we are going to neglect, the closure of J guarantees that the
action is invariant under general coordinate transformations of superspace generated by a
vector eld  = AEA = 
M@M .
The action principle (3.4) is manifestly invariant under superdieomorphisms. In ad-
dition, the action must be invariant under all other gauge transformations. Among other
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possible gauge transformations of matter multiplets in a specic model, for conformal su-
pergravity we need to include the other superconformal transformations describing the
structure group of conformal superspace, which form the subgroup H. To ensure the in-
variance of (3.4) then J is demanded to transform.
A special case is when the closed 6-form is itself invariant, HJ = 0. This implies that
if one instead decomposes J in the tangent frame,
J =
1
6!
EA6 ^    ^ EA1JA1A6 ; (3.6)
the components JA1A6 transform covariantly and obey the covariant constraints
r[A1JA2A7) + 3T[A1A2BJjBjA3A7) = 0 : (3.7)
In particular, their S and K transformations are given by
Sj Ja1an
i1
1   i6 n6 n =  in(~[a1)Jja2an]i11   i6 n6 n ; KbJA1A6 = 0 : (3.8)
These are equivalent to demanding J to be a primary six-form KAJ = 0.
Once constructed an appropriate invariant closed super 6-form J , it is straightforward
to describe a gauge invariant action principle in components. In fact, by expressing the
action (3.4) in terms of tangent frame indices one obtains
S =
1
6!
Z
d6x e "m1m6Em6
A6   Em1A1JA1A6 j=0 ;
=
1
6!
Z
d6x e "a1a6

Ja1a6   3 a1i Ja2a6 i  
15
4
 a1
2
i2
 a2
1
i1
Ja3a6
i1
1
i2
2
+
5
2
 a1
3
i3
 a2
2
i2
 a3
1
i1
Ja4a5a6
i1
1
i2
2
i3
3 +
15
16
 a1
1
i1
   a44i4 Ja5a6 i11  i44
  3
16
 a1
1
i1
   a55i5 Ja6 i11  i55  
1
64
 a1
1
i1
   a66i6 J i11  i66

j=0 ; (3.9)
which is the standard expansion of supergravity actions as a supercovariant power series
in the gravitini. Let us now turn to the examples relevant for our paper.
3.2 The B4 ^ F2 action principle
Consider the gauge 4-form multiplet associated to a linear multiplet, as in section 2.3,
together with an Abelian vector multiplet, see section 2.2. By considering the gauge 4-form
B4 and the vector multiplet two-form eld strength F2 we can construct the primary super
6-form B4 ^ F2. This is manifestly invariant under vector multiplet transformations, that
leave invariant F2, while it transforms as an exact form under the gauge transformation of
the 4-form (2.36), 3(B4^F2) = d(3^F2), so that its exterior derivative is gauge invariant
d(B4 ^ F2) = E5 ^ F2 : (3.10)
It turns out that the covariant constraints on F2 and E5 mean that E5 ^ F2 is Weil triv-
ial [122]. In other words, it turns out that there is a second super 6-form E5^F2 obeying
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dE5^F2 = E5 ^ F2 such that E5^F2 is constructed entirely in terms of the covariant
superelds in F2 and E5. This implies that E5^F2 is primary and gauge invariant. We
call this super 6-form the curvature induced form. This means that by construction the
primary super 6-form
JB4^F2 = B4 ^ F2   E5^F2 (3.11)
is closed, dJB4^F2 = 0, such that 3JB4^F2 = d(3^F2) and then, according to the discus-
sion in the previous section, it leads to a locally superconformal and gauge invariant action.
It is not dicult to solve explicitly for E5^F2 . It obeys
dE5^F2 = E5 ^ F2 () r[A1A2A7) + 3T[A1A2BjBjA3A7) = 3F[A1A2EA3A7) ;
(3.12)
with FAB the components of the abelian vector multiplet super two-form F2, eqs. (2.27),
and EA1A5 the components of the linear multiplet super 5-form E5, eq. (2.40). A covariant
superform solution E5^F2 is given by
abcde
i
 = 2"abcdef (
f )

j L
ij ; (3.13a)
abcdef =  "abcdef

XijLij   2ii'i

; (3.13b)
with all components at lower dimension vanishing.
If we now plug the resulting closed 6-form (3.11) into (3.9) we obtain the component
action principle
SB4^F2 =
Z
d6x e

 1
2
fmn~b
mn +XijLij   2ii'i    aiajLij

; (3.14)
where we have suppressed spinor indices and we remind that we dened
~bmn :=
1
4!
"mnpqrsbpqrs : (3.15)
The action (3.14), which we will refer to as B4 ^ F2 action principle, was obtained for the
rst time in [48].
3.3 The B2 ^H4 action principle
By starting from the gauge two-form multiplet associated to a tensor multiplet, as in
section 2.5, together with a gauge 3-form multiplet of section 2.4, we can construct another
gauge invariant action principle using the same logic as in the previous subsection.
Considering the gauge two-form B2 and the closed 4-form eld strength H4 = dB3
we construct the primary super 6-form B2 ^H4. This is invariant under the 3-form gauge
transformation, 2B3 = d2, it transforms as an exact form under the two-form gauge
transformation (2.58), 1(B2 ^H4) = d(1 ^H4), so that
d(B2 ^H4) = H3 ^H4 ; (3.16)
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is gauge invariant. The covariant constraints on H3, eqs. (2.62) and (2.64), and on H4,
eq. (2.51), are such that the super 7-form H3 ^ H4 is again Weil trivial and then it is
possible to construct a curvature induced super 6-form H3^H4 , so that
JB2^H4 = H3^H4  B2 ^H4 (3.17)
is closed, dJB2^H4 = 0, and such that 1JB2^H4 = d(1 ^H4) leading to a locally super-
conformal and gauge invariant action.
The superform equation dening H3^H4 is
dH3^H4 = H3 ^H4 () r[ABCDEFG) + 3T[ABHjHjCDEFG) = 5H[ABCHDEFG) ;
(3.18)
with H3 corresponding to a tensor multiplet, see section 2.5, and H4 corresponding to the
gauge 3-form multiplet, see section 2.3. A covariant solution of equation (3.18) is given by
a super 6-form H3^H4 possessing the following nontrivial components
abcd
p

q
 =
i
2
"abcdef (
efg)Bg
pq ; (3.19a)
abcde
l
 =  
1
4
"abcdef
h
2 kB
f kl + i
f l + (fg)

 
2 kBg
kl   igl
i
; (3.19b)
abcdef =
1
4
"abcdef (~
g) kg
k +
1
4
"abcdefC ; (3.19c)
with all lower dimension components vanishing and the descendant supereld a
i dened
in (2.53b) and C given by the trace of Cab, dened in eq. (2.53c),
C := abCab =
i
12
(~a)rkrlBakl = i
12
rkrlBkl = 1
8
(~a)rkak : (3.20)
The antisymmetric part of Cab is related to the supercovariant four-form eld strength
Habcd via (2.51d), leading to
C[ab] :=  
1
12
"abcdefh
cdef   3i
4
 cj[abc]
j   i
8
"abcdef 
c
j
deg f k Bg
jk ; (3.21)
where hmnpq = 4@[mbnpq]. If we now plug the resulting closed 6-form (3.17) into (3.9) we
obtain the component action principle
SB2^H4 =
Z
d6x e

  1
4
C   1
4
 j~
gg
j +
1
4
babC
ab
+
1
8
 ai

2 jB
aij + iai + ab
 
2 jBb
ij   ibi

+
3i
2
bbc
[abc]i

+
i
4
 ai

1
2
abcBc
ij   bcd[abcBd]ij

 bj

; (3.22)
where spinor indices have been suppressed. Note that the couplings involving bab can be
rewritten as "abcdefbabhcdef . We will refer to the invariant (3.22) as the B2 ^ H4 action
principle. The bosonic part of the action (3.22) appeared for the rst time in [40]. It is
important to mention that although one can formally work in the standard-Weyl multiplet
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in the construction of the above invariant, the tensor multiplet is on-shell. To have an
o-shell description, one must identify the tensor multiplet as the one of the dilaton-Weyl
multiplet. Note that by turning o the supergravity multiplet in (3.22) one obtains the
action principle that was rst used in [105] to describe the action for the rigid supersym-
metric Yang-Mills multiplet. Let us see how (3.22) allows us to extend that result to the
curved case.
3.3.1 Non-Abelian vector multiplet action
It is worth presenting a rst nontrivial application of the B2 ^H4 action principle (3.22):
a direct construction of the non-Abelian vector multiplet action in a general dilaton-Weyl
multiplet background. Previously, this action had been constructed in [48] undertaking
the following steps: (i) restrict to an Abelian vector multiplet; (ii) in a dilaton-Weyl back-
ground, construct a composite linear multiplet in terms of an Abelian vector multiplet;10
(iii) plug the composite linear multiplet in the B4 ^ F2 action principle; (iv) realise that
the resulting action is invariant also in the case of a non-Abelian vector multiplet.
In the case of a general non-Abelian vector multiplet, described by the supereld
strength i, as observed in [69] it is straightforward to construct a composite gauge
3-form multiplet in terms of the primary dimension three supereld
Bij =  4i Tr

(ij)

; (3.23a)
which, due to (2.28), satises the constraints (2.52). The descendants of the composite
Bij are then
a
i =
2
3
(a) Tr
h
iX
ijj   6iFi
i
; (3.23b)
C = 2 Tr
h
FabFab  XijXij   2ikrk
i
; (3.23c)
C[ab] =
1
2
Tr
h
"abcdefF cdFef   irc
 
(abc)
kk
i
: (3.23d)
If we plug these results into the B2 ^H4 action principle (3.22) we nd the action for
a general non-Abelian vector multiplet
SF 2 =
Z
d6x e Tr

 1
2
fabfab +
1
2
XijXij +
1
8
"abcdefbabf cdf ef

+ fermions ; (3.24)
where we neglected the fermionic terms. The action, up to a change of notations, coincides
with the result of [48].
10In superspace, with i the supereld strength of an Abelian vector multiplet, the composite linear
multiplet is described by the supereld F ij :=  i(r(i)j) + i4r(ij) =  i (ij) + Xij which can
be easily proven to be a dimension-4 primary such that r(iFjk) = 0 [83].
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3.4 The A action principle
Let us conclude this section by reviewing the salient results concerning the A action prin-
ciple. The reader should refer to [69, 70] for a complete analysis.
The A action principle is based on a primary dimension 9=2 supereld A
ijk = A
(ijk)
obeying the reality condition Aijk = A ijk and satisfying the dierential constraint
r(i(A)jkl) = 0 : (3.25)
As already mentioned, this supereld arises as the bottom component of a covariant closed
super 6-form [69, 100]. By using the superform approach for the construction of supersym-
metric invariants it is possible to obtain the invariant [70]
SA =
Z
d6x e

F   i
4
 ai

0ai   i
144
 di
deabc ejS
+
abc
ij   i
12
 ai
abc bjEc
ij
+
1
16
( ai
abc bj) ( ckA
ijk)

; (3.26)
where the following descendant component elds of A
ijk have been introduced:
S+abc
ij :=
3
32
(~abc)
rkAijkj ; Eaij := 3
16
(~a)
rkAijkj ; (3.27a)

0a
i :=
i
32
(~a)
(rjrkAijkj+rjrkAijkj) ; (3.27b)
F :=
i
244!
"rirjrkAijkj : (3.27c)
The superconformal transformations of the previous multiplet are rather involved, see [70]
for details. The main point is that (3.26) proves to be manifestly locally superconformal
invariant. For the scope of this paper we will only need to know that the purely bosonic
part of this action can be extracted from the F component (3.27c) of the A
ijk multiplet.
4 Einstein-Hilbert Poincare supergravity
In this section we describe how to construct in conformal superspace a supersymmetric
extension of the Einstein-Hilbert term and then describe the o-shell and on-shell two-
derivative Poincare supergravity theory reproducing the results of [48].
4.1 Linear multiplet action
An action for the linear multiplet can be constructed using the B4 ^ F2 action princi-
ple (3.14) with the vector multiplet built out of the linear multiplet [48]. The appropriate
composite vector multiplet is described by the primary dimension-3/2 supereld strength
i =   1
2L
r'i  
1
2L
 
W'i   2iXj Lji

+
1
4L3
Ljk(rLij)'k
  1
8L3
LijE'j   i
8L5
"'j'k'lL
ijLkl ; (4.1)
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where L2 := 12L
ijLij is assumed to be nonvanishing, L 6= 0. The component elds of
the composite vector multiplet can be computed straightforwardly. They include the  =
0 projection of i together with the descendant components of the composite vector
multiplet, Xij = i4r
(i
 j)j and Fab =   i8(ab)rkk j,11
Xij =  1
2
L 1raraLij   1
15
L 1LijD +
1
16
L 3EaEaLij   1
4
L 3EaLk(iDaLj)k
+
1
4
L 3Lkl(DaLk(i)DaLj)l + fermions ; (4.2a)
Fab = 1
2
D[a
 
L 1Eb]

+
1
2
L 1RabijLij   1
4
L 3Lij(D[aLki)Db]Ljk + fermions ; (4.2b)
where
raraLij = DaraLij   8faaLij + fermions ; (4.3)
the expression for raLij is given in (2.47a), and faa is given in (2.77). The fmn eld
strength (2.32) in the case of the composite vector multiplet proves to be
fmn = 2@[m n]  
1
4
L 3Lij(@[mLki)@n]Ljk ; (4.4a)
 m :=
1
2
L 1

VmijLij + 1
2
hm

+ fermions : (4.4b)
The previous composite vector multiplet coincides, up to change of notation, to the one
originally constructed in [48] where the reader can also nd the completion with the
fermionic terms.
Using (3.14) and disregarding a total derivative, the action for the linear multiplet
takes the form
SEH =
Z
d6x e

  2
5
RL  2
15
DL  1
8L
EaEa   1
2L
EaVaijLij  DaDaL
+
1
4L
(DaLij)DaLij + 1
8L3
~bmnLij(@mL
ki)@nL
j
k

+ fermions : (4.5)
The previous action is by construction locally superconformal invariant independently
of the conformal supergravity background chosen, either the standard- or dilaton-Weyl
multiplets which we have not specied so far in this section. In the standard-Weyl multiplet
background the DL coupling in (4.5) implies L = 0 on-shell. This is inconsistent with the
requirement of L being a conformal compensator, L 6= 0, and makes the action (4.5) alone
inconsistent in a standard-Weyl multiplet background. A standard resolution of this issue
is to consider (4.5) in a dilaton-Weyl multiplet background where, thanks to (2.75c)
D =
15
4
DaDa + 3
4
R+ 5
4
T abcH
+abc + fermions (4.6)
11Here and in what follows, whenever we only explicitly give the bosonic sectors, any supercovariant eld
(which involves fermionic terms) can be replaced with its purely bosonic analogue, e.g. Ea with ha, Habc
with habc and so on, since it will only change the suppressed fermionic terms.
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and the action (4.5) becomes
SEH =
Z
d6xe

  1
2
LR+ 1
4L
(@mLij)@mL
ij+
1
L
VmikLjk(@mLij)+ 1
L
Vm(ikLj)kVmilLlj
  L
2
DaDa  L
6
T abcH
+abc  1
8L
EaEa  1
2L
EaVaijLij  1
8L3
~bmnLi
j(@mL
ki)@nLjk

+fermions : (4.7)
Another option to solve the inconsistent dynamics of (4.5) in a standard-Weyl multiplet
background would be to add to (4.5) other invariants such that the resulting dynamical
system possesses equations of motions for D that are self consistent. We will show an
example of this option later in section 7 when we will introduce a new curvature squared
invariant in a standard-Weyl multiplet background that will contain a D2 term in its action.
4.2 O-shell Einstein-Hilbert Poincare supergravity
The six dimensional N = (1; 0) supersymmetric extension of the Einstein-Hilbert term and
consequently the o-shell Poincare supergravity action can be given by coupling a linear
multiplet compensator to a dilaton-Weyl multiplet, eq. (4.7), followed by the gauge xing
of the redundant superconformal symmetries. The gauge xing conditions we impose in
superspace are
BM = 0 ;  = 1 ; (4.8a)
Lij = ijL : (4.8b)
At the component level these imply
bm = 0 ;  = 1 ;  
i = 0 ; (4.9a)
Lij = ijL : (4.9b)
The gauge conditions (4.8a) and (4.9a) x dilatations, conformal boosts and
S-supersymmetry transformations while (4.8b) and (4.9b) breaks the SU(2)R down to a
residual U(1)R gauge symmetry. After xing the gauge, the remaining physical elds are
fema ;  mi ; bmn ; Vm ; V 0mij ; L ; 'i ; bmnrsg ; (4.10)
which form the minimal o-shell Poincare supergravity multiplet. Note that we have
decomposed the gauge eld Vmij of the SU(2)R symmetry into its trace and traceless
parts as
Vmij = V 0mij +
1
2
ijVm ; V
0
m
ijij = 0 : (4.11)
To preserve the gauge xing conditions (4.9) under the residual Poincare supergravity
transformations the following decomposition rules for the dependent compensating gauge
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parameters have to be used [66]
i =   i
96
abciHabc ; (4.12a)
m =  1
2
imi   i
30
imi +
1
2
i mi ; (4.12b)
0ij =
1
L
S0k(ij)k ; S0ij =  (i'j) + 1
2
ijkl
k'l : (4.12c)
Note that, besides the Q-supersymmetry transformations parametrized by local i j param-
eter, the trace  of the SU(2)R parameter, 
ij := ij j = 0ij + 12ij, generates a residual
arbitrary U(1)R gauge transformation. The other residual gauge transformations are ar-
bitrary covariant general coordinate and Lorentz transformations parametrized by aj and
ab := abj, respectively. As a consequence, an o-shell N = (1; 0) Poincare supergravity
background with the eld content given in (4.10) has, up to cubic fermions, the following
supersymmetry transformation rules [66]
em
a =  iia mi ; (4.13a)
 mi = 2

@m +
1
4
!m
ab~ab

i + 2Vmijj   1
8
Hmbc~
bci ; (4.13b)
bmn = 2ii[m n]
i ; (4.13c)
'i = iijmj@mL  i
2
aiEa   2iV 0m(ikj)kmjL+
i
6
LijabcjHabc ; (4.13d)
L = i'jij ;
bmnpq =  "mnpqef jef'j + 8i i[mnpq]jijL ; (4.13e)
V 0m
ij =  i(in bRmnj)(Q) + i
2
kn bRmn`(Q)k`ij + i
6
(iabc j)mH
abc
  i
12
kabc `mk`
ijHabc ; (4.13f)
Vm =  iin bRmnj(Q)ij + i
6
iabc jmijHabc ; (4.13g)
where
bRmni(Q) = 2D[m n]i + 2V 0[mij n]j + 14ab [mHn]ab ; (4.14a)
Dm 
i
n =

@m +
1
4
!m
cd~cd

 n
i +
1
2
Vm
ij nj : (4.14b)
By imposing the gauge xing (4.9) in the action (4.7) it follows that the o-shell
two-derivative Poincare supergravity Lagrangian takes the form [66]
e 1LEH =  1
2
LR+ 1
2
L 1@mL@mL  1
24
LHabcHabc + LV
0
m
ijV 0mij   1
8L
EaEa   1
2
EmVm
+ fermions : (4.15)
The o-shell Poincare supergravity action is invariant under the transformation rules (4.13).
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4.3 On-shell Poincare supergravity
When considering the Einstein-Hilbert supergravity (4.15), the equations of motion for the
V 0mij ; Vm and bmnpq elds simply imply [66]
Vm = V
0
m
ij = bmnpq = 0 ; (4.16)
leaving the following on-shell Einstein-Hilbert supergravity Lagrangian
e 1L =  1
2
e 2v

R  4@mv @mv + 1
12
HmnpH
mnp

+ fermions (4.17)
where we have set L = e 2v with v being the dilaton eld. The massless supermultiplet of
the two-derivative theory is therefore given by the following component elds
fema ;  mi ; bmn ; v ; 'ig ; (4.18)
whose supersymmetry transformation rules, that follow from (4.13), up to cubic fermion
terms are
em
a = iia mi ; (4.19a)
 m
i = 2

@m
i +
1
4
!m
ab~ab

i   1
4
Hmab~
abi ; (4.19b)
bmn = 2ii[m n]
i ; (4.19c)
'i =  2ie 2vijmj@mv + i
6
e 2vijabcjHabc ; (4.19d)
v =  1
2
e2vi'jij : (4.19e)
Note that, since the elds V 0mij ; Vm and bmnpq have been integrated out, the previous
supersymmetry transformations close only on the mass-shell.
5 Curvature squared invariants in a dilaton-Weyl background
Here we turn to constructing curvature squared supergravity invariants. All the locally su-
perconformal invariants described in this section are based on the B2^H4 action principle;
hence they will all implicitly be in a dilaton-Weyl multiplet background. Within our frame-
work, we will describe the o-shell locally N =(1; 0) supersymmetric extensions of all the
possible purely gravitational curvature squared terms that can be described as linear com-
binations of Riemann squared, Ricci tensor squared, and scalar curvature squared terms.
5.1 The Riemann curvature squared invariant
A supersymmetric extension of the Riemann curvature squared term was constructed
in [62{66]. It has been coupled to the gauged chiral supergravity in six dimensions ex-
tending the Salam-Sezgin model with curvature squared corrections. The exact spectrum
of the Riemann squared extended Salam-Sezgin model around the half-BPS Minkowski4S2
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background was analyzed for the rst time in [67]. The construction of the Riemann curva-
ture squared invariant of [62{66] was based on the action for a Yang-Mills multiplet coupled
to conformal supergravity [48] and the feature that in the gauge (4.9a) the dilaton-Weyl
multiplet can be mapped to a Yang-Mills vector multiplet taking values in the 6D Lorentz
algebra [62]. This observation is sometimes referred to as the \Yang-Mills trick". The
superspace analogue of the \Yang-Mills trick" was elaborated in section 6 of [70]. Let us
here further elaborate on this analysis.
In a dilaton-Weyl multiplet background, with tensor supereld  6= 0, following [69]
one can introduce the spinor covariant derivative,
D i = 
  1
4

ri + (ri ln )M   2(rj ln )Jj i  
1
2
(ri ln )D

: (5.1)
This is chosen so that given a primary tensor supereld U of dimension , the supereld
D iU is also a primary supereld of dimension . Moreover,  is annihilated by D
i
,
D i = 0. When acting on a primary supereld, the algebra of covariant derivatives
becomes12
fD i;D jg= 2i"ijD 4i"ijW abc(a)Mbc 4i"ijN abc(a)Mbc 16iNJ ij ; (5.2)
where
D =   i
4
fDk;Dkg   2N bcd(b)Mcd   2W bcd(b)Mcd (5.3)
and the primary dimensionless superelds N and W
 are dened as
N :=
1
3!
(abc)Nabc =   i
16

3
2rk(r)k 2 ; W  :=  
1
2W : (5.4)
By using the previous composite superelds, one can construct a primary dimension-
3/2 supereld valued in the Lorentz algebra i := i
M
 [70]
i = 3=4

D iW
   2
3
"D iN  
1
3
D
i
W


M
 : (5.5)
This satises constraints that are formally the same as those of a non-Abelian vector
multiplet:
i
 = 0 ; D (i 
j)

   1
4
D
(i
 
j)

 = 0 ; Di
i

 = 0 : (5.6)
The primary i
 can be equivalently rewritten as
i
 = 4iXi
   4i
3
X
i +
i
3
X
i    1

W i  
1
3
W
 i +
1
3
W
 i

+ " 2

1
2
(r() i)  
1
3
r( i)  
1
8
H 
i
  
i
4
 1 i 
k
( )k

; (5.7)
12The resulting superspace geometry for the covariant derivatives DA = (D
i
;Da) is equivalent to the
SU(2) superspace formulation of conformal supergravity of [83] with the torsion supereld component Ca
ij
set to zero, Ca
ij = 0. This is also equivalent to the superspace geometry of [65]. Using in (5.1) instead a
generic real unconstrained dimension-2 primary supereld X instead of , as described in [69], one would
obtain the general SU(2) superspace geometry of [83] with Ca
ij 6= 0.
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where we have used the tensor multiplet relations
 i = ri ; H :=  irk( )k ; rirj =  
i
2
"ijH   i"ijr ; (5.8)
and it should be kept in mind that in a dilaton-Weyl background W =  14 1H . A
remarkable property of the composite supereld (5.7) is that, in the gauge where BM = 0
and  = 1, equivalent to bm = 0,  = 1 and  
i = 0, the following relations for the
descendants of i
 hold:
Fabcd :=   i
16
(ab)
(cd)
rkkj = Rabcd(!+) + fermions ; (5.9a)
Xijab :=
i
8
(ab)
r(ij) j =  2Rabij + fermions : (5.9b)
Here Rabcd(!+) is the torsionful Riemann tensor which is dened through (2.17b) in terms
of the shifted Lorentz connection
!mcd := !mcd  1
2
em
aHa
cd ; (5.10)
such that
Rabcd(!) = Rabcd(!)D[aHb]cd +
1
2
He[a
[cHb]
d]e : (5.11)
Considering the analogy of i
 with a Yang-Mills multiplet and the known con-
struction of the Riemann squared action from a vector multiplet one, it is natural to argue
that a gauge 3-form multiplet is described by the following composite supereld
Bij =  16i Tr (ij) =  16i(ij) = 8i(icdj)cd : (5.12)
Thanks to the fact that rk Tr

(ij)

= 
1
4Dk Tr

(ij)

, one can prove that the
composite (5.12) satises the constraints (2.52). Then, by plugging (5.12) in the B2 ^
H4 action principle, or equivalently by plugging (5.9) in (3.24), after imposing the gauge
condition (4.9a), one obtains the action
SRiem2 =
Z
d6x e

Rabcd(!+)Rabcd(!+)  1
4
"abcdefbabRcdgh(!+)Ref gh(!+)
  4RabijRabij

+ fermions : (5.13)
Up to a change of notation, the previous result coincides with the known Riemann squared
invariant [62{66].
5.2 The scalar curvature squared invariant
In section 4 we have shown how to construct the locally supersymmetric extension of
the Einstein-Hilbert term by using the composite Abelian vector multiplet based on the
supereld i dened by eq. (4.1). It is clear that the composite
Bij :=  4i(i)j ; (5.14)
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satises the constraints (2.52). Moreover, it is straightforward to check that by plug-
ging (5.14) in the B2 ^H4 action principle, in the gauge (4.8), one can nd the supersym-
metric extension of a scalar curvature squared that was rst constructed in [68]. Let us
here review the salient results for this invariant in components.
In the gauge (4.9), by using the components of the composite vector multiplet (4.2),
it is straightforward to obtain the following useful expressions
fmn = @[m

Vn] +
1
2
L 1En]

+ fermions ; (5.15a)
XijX
ij =
1
2
2   1
2
jj2 + fermions ; (5.15b)
where
 =  1
2
R  1
24
HmnpH
mnp   L 1@m@mL+ 1
2
L 2(@mL)@mL
  2Zm Zm + 1
8
L 2EmEm ; (5.15c)
 =  2L 1Dm(LZm) + iL 1EmZm ; (5.15d)
with the complex vector eld Zm dened as
Zm = V
0
m
12 + iV 0m
11 : (5.15e)
Using the action (3.24), we obtain (up to a numerical factor) the following Lagrangian for
the Ricci scalar curvature squared invariant [68]
e 1LR2 =
1
16

R+ 1
12
HmnrH
mnr + 2L 1@m@mL  L 2(@mL)@mL
+ 4Zm Zm   1
4
L 2EmEm
2
  1
4
h
2L 1Dm(LZm)  iL 1EmZm
ih
2L 1Dn(L Zn) + iL 1En Zn
i
+
1
8
"mnpqrsb
mn@p

V q +
1
2
L 1Eq

@r

V s +
1
2
L 1Es

  1
2
@[m

Vn] +
1
2
L 1En]

@m

V n +
1
2
L 1En

+ fermions : (5.16)
The resulting Ricci scalar curvature squared action is invariant under the o-shell super-
symmetry transformation rules (4.13).
5.3 The new curvature squared invariant
Recently, a particular composite gauge 3-form multiplet dened solely using the standard-
Weyl multiplet has been constructed in [69]. This was used to describe one of the N = (1; 0)
conformal supergravity actions [69, 70]. Such a composite gauge 3-form multiplet is dened
in terms of the following primary dimension 3 supereld [69]
B ij =  4W [Y]ij   32iX(iXj) + 10iX(iXj) ; (5.17)
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satisfying the constraints (2.52). Its lowest component is
Ba
ij = T abcR(J)
bc ij + iR(Q)bc
iaR(Q)
bcj +
2i
45
ia
j : (5.18)
The structure of its descendants, including the a
i and Cab components appearing in the
B2^H4 action principle (3.22), were worked out in [70] and are collected for convenience of
the reader in appendix B. As we rst described in [40], by plugging these results into (3.22)
and performing some integrations by parts, one obtains the new curvature squared invariant
Snew =
1
32
Z
d6x e

Cab
cdCcd
ab   3RabijRabij + 4
15
D2 + 4(DcT abc)DdT abd
  8T dab

DdDcT abc  
1
2
RdcT abc

+ 4T abcT ab
dT ef cT efd   2HabcCabdeT cde
  8
45
HabcT
 abcD + 4HabcT d
abDeT cde   4
3
HabcT
 deaT bcfT def
  1
4
"abcdefbab

Ccd
ghCefgh  RcdijRef ij

+ fermions ; (5.19)
where the reader should keep in mind that, in a dilaton-Weyl background, T abc =
1
2H
 
abc and
D satises (4.6). Note that in (5.19) we focused only on the bosonic part of the invariant.
In principle, by plugging into (3.22) the expressions for Ba
ij , eq. (5.17), together with its
descendants a
i and Cab given in eq. (B.1), the reader can obtain the full result including
all the fermionic terms.
In the gauge (4.9a) the new invariant contains the following linear combination of
Riemann squared, Ricci squared and scalar curvature squared terms
e 1Lnew = 1
32

RabcdRabcd  RabRab + 1
4
R2

+    : (5.20)
This completes the construction of the three independent supersymmetric curvature
squared invariants. Let us now turn to describing some physical applications.
6 Einstein-Gauss-Bonnet supergravity
In section 4 we reviewed the o-shell supersymmetrization of the Einstein-Hilbert ac-
tion while in the previous section we have described three linearly independent curvature
squared invariants of the six dimensional N = (1; 0) supergravity. Due to the o-shell na-
ture of these models, we can combine them to form a general curvature squared extended
Poincare supergravity Lagrangian
L = LRiem2 + LR2 + Lnew ; (6.1)
without having to modify the supersymmetry transformations. As described for the rst
time in [40], the o-shell Gauss-Bonnet combination corresponds to  =  3,  = 0 and
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 = 128. For this particular choice of parameters, in the gauge (4.9a), if one uses the
following identities
0 = HabcH
adeDbHcde ; (6.2a)
0 = "abcdef
 RghefHghaHbcd +RgfHgabHcde ; (6.2b)
0 = "abcdef
 
HabcHdegDhHgfh   2HabcHdghDeHghf

; (6.2c)
and introduces the notation,
H2ab := Ha
cdHbcd ; H
2 := HabcH
abc ; H4 := HabeHcd
eHacfHbdf ; (6.3a)
up to fermionic terms the Lagrangian for the supersymmetric Gauss-Bonnet invariant (5.19)
takes the following very compact form
e 1LGB = RabcdRabcd   4RabRab +R2
  1
2
RabcdHabeHcde +RabH2ab  
1
6
RH2 + 5
24
H4 +
1
144
(H2)2   1
8
(H2ab)
2
+ "abcdefbabRcdijRefij   1
4
"abcdefbabRcdgh(! )Ref gh(! )
+ fermions : (6.4)
This can equivalently be written
e 1LGB = 6R[abab(! )Rcd]cd(! )  4Rabcd(! )HabeHcde + 4Rab(! )H2ab  
2
3
R(! )H2
  2
3
H4 +
1
9
(H2)2 + "abcdefbab

RcdijRefij   1
4
Rcdgh(! )Ref gh(! )

+ fermions : (6.5)
In this form it becomes evident that the b2-eld dependence of the supersymmetric Gauss-
Bonnet invariant cannot be captured solely in terms of a Riemann tensor with a torsionful
connection. This explains the unsuccessful attempts to construct the Gauss-Bonnet invari-
ant in previous works where this was assumed as a working condition [62, 63].
By using the action (6.4), we can now easily construct the 6D N = (1; 0) o-shell
Einstein-Gauss-Bonnet (EGB) supergravity. In the gauge (4.9), this is given by the follow-
ing combination of the supersymmetric completion of the Einstein-Hilbert term (4.15) and
the Gauss-Bonnet term (6.4)
22LEGB = LEH + 1
16
0LGB : (6.6)
We have introduced the Newton constant 2. The Einstein-Gauss-Bonnet supergrav-
ity (6.6) is invariant under the o-shell supersymmetry transformation rules (4.13).
6.1 On-shell Einstein-Gauss-Bonnet supergravity
In section 4 we have shown how the on-shell Einstein-Hilbert supergravity (4.17) arises
from (4.15) by using the equations of motion V 0mij = Vm = bmnpq = 0. A remarkable feature
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of the supersymmetric Einstein-Gauss-Bonnet model is that the massless supermultiplet of
the two-derivative theory does not acquire mass due to the inclusion of higher-derivative
terms. Furthermore, the kinetic term RabijRabij for the SU(2)R gauge eld Vmij that exists
in both the Riemann-squared and the new invariants, cancels out in the Gauss-Bonnet
combination. Therefore, there are no new dynamical degrees of freedom induced by the
higher-derivative terms and the solution (4.16) remains consistent in the Einstein-Gauss-
Bonnet supergravity, leading to the on-shell theory associated to the following Lagrangian
22e 1L =  e 2v

R  4@mv @mv + 1
12
HmnpH
mnp

+
1
16
0

6R[mnmnRrs]rs  
1
2
RmnrsHmntHrst +RmnH2mn  
1
6
RH2 + 5
24
H4
+
1
144
(H2)2   1
8
(H2mn)
2   1
4
"mnpqrsbmnRpqab(! )Rrsab(! )

+ fermions : (6.7)
As a consequance, up to cubic fermions, the on-shell N = (1; 0) Einstein-Gauss-Bonnet
supergravity has the same supersymmetry transformations as the on-shell Einstein-Hilbert
supergravity given by (4.19).
Note that our on-shell Einstein-Gauss-Bonnet supergravity action precisely matches
the result derived in [46]. In fact, we have actually xed the proportionality constant of
the 0 term in (6.6) by comparing the on-shell Lagrangian (6.7) with [46].
To conclude this section, let us comment further on the relevance of our result in
comparison with the analysis of Liu and Minasian in [46]. There, it was conjectured
that for the type II-string, the NSNS b2-eld dependence in the R
4 corrections is nearly
completely captured in terms of the torsionful Riemann tensor (5.11) (except for the CP-
odd sector). The claim was further investigated in [46] by xing the one-loop four-derivative
corrections by means of a K3 reduction to six dimensions of type IIA and requiring that
the dyonic string remains as a solution and that the model remain dual to the heterotic
string compactied on T 4. In our work, we provided an alternative derivation of the four-
derivative corrections by exact supersymmetrization of the curvature squared invariants.
The fact that our results for the Einstein-Gauss-Bonnet supergravity match, and extend
o-shell, the results of [46] thereby provides strong evidence for their conjecture.
7 New curvature squared invariants with a linear multiplet compensator
In a conformal supergravity background described by the dilaton-Weyl multiplet, we con-
structed three independent curvature squared supergravity invariants in section 5. These
were all based on the B2 ^H4 action principle of subsection 3.3. One of these invariants
was a locally superconformal extension of a four-derivative invariant for a linear multiplet.
A natural question one could ask is whether this is the only four-derivative superconformal
invariant for a linear multiplet. It turns out that this is not the case as one can simply
write down another local four-derivative superconformal invariant using a full superspace
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integral as follows Z
d6xd8 E L1=2 ; E := Ber[EM
A] ; (7.1)
where L1=2 =
q
1
2L
ijLij and E is the Berezinian (or superdeterminant) of the superviel-
bein.13 Moreover, (7.1) does not coincide with the four-derivative linear multiplet invariant
of the previous sections since it is well-dened in the standard-Weyl multiplet (as it does
not involve the tensor multiplet).
As of yet, we do not have a manifestly superconformal component (or superform) rep-
resentation of the full superspace integral based on a primary density formula (or super-
form).14 For this reason, we will endeavour to make use of the manifestly superconformal
A action principle for the construction of a new local four-derivative invariant based on
the linear multiplet.15 In this section, we will then show that this new invariant leads
to curvature squared terms such that: (i) once added to the Einstein-Hilbert term in a
standard-Weyl multiplet background, the new invariant leads to a dynamical system with
consistent equations of motion for the D eld which dynamically generates a cosmological
constant term that leads to (non-supersymmetric) (A)dS6 solutions; (ii) in a dilaton-Weyl
multiplet background the new invariant proves to have a nontrivial coupling to the dilaton
and is distinct from the curvature squared invariants constructed in section 5.
7.1 A new locally superconformal higher-derivative action for the linear
multiplet
In [112] it was recently proven that, given a so-called real O(4) multiplet, which is a real
dimension  4 primary supereld T satisfying
T = T ; rk(r)kT = 0 =) ri(rj)T = 0 ; (7.2)
and a real O(4) multiplet which is a primary supereld T ijkl of dimension 8 satisfying
T ijkl = T (ijkl) ; (T ijkl) = Tijkl ; r(p T ijkl) = 0 ; (7.3)
it is possible to construct a manifestly locally superconformal action with the A action
principle. In fact, for any pair of O(4) and O(4) multiplets, the following supereld
A
ijk :=  iTrlT ijkl   5iT ijklrlT ; (7.4)
proves to be a primary of dimension 9=2 satisfying the symmetry and reality conditions
Aijk = A ijk and A
ijk = A
(ijk) together with the dierential constraint r(i(A)jkl) =
0, (3.25). Then, given any pair of real O(4) and O(4) multiplets one can construct a
manifestly locally superconformal action.
13The reader can look at [69, 83] for discussions about general properties of the full superspace integral
under local superconformal transformations.
14See [69] for a non-primary superform description of the full superspace integral based on the so-called
B action principle.
15This invariant presumably coincides with the one dened by the full superspace integral above.
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Using a linear (real O(2)) multiplet as in subsection 2.3 that is nowhere vanishing,
L2 = 12L
ijLij 6= 0, it is possible to construct a pair of composite real O(4) and O(4)
multiplets. The real O(4) multiplet supereld is
Lijkl :=   1
96
"r(irjrkrl) L3=2 ; (7.5)
and the real O(4) multiplet is L 1, which due to (2.41) obeys rk(r)kL 1 = 0. This
implies that we can straightforwardly construct a new higher-derivative action for the linear
multiplet using the A action principle with
A
ijk :=  iL 1rlLijkl   5iLijklrlL 1 : (7.6)
To show that, it suces to focus on the bosonic part of this invariant. With the assistance
of the computer algebra program Cadabra [123, 124], we computed the bosonic part of the
action. The full result of this calculation is presented appendix C. For the scope of this
section, we can simplify the result (C.1) by going to a conformal and SU(2)R ! U(1)R
gauge where
bm  0 ; Lij = ijL ; (7.7)
and neglect, besides the fermion elds, also the SU(2)R connection and curvature together
with the Ea and T
 
abc elds. This leads to
e 1Lnew linear =   1
12
L
1
2D   1
20
L
1
2D2   1
12
DL 
1
2L+ 1
24
L 
3
2D(DaL)DaL
  5
8
L 
1
22L+ 15
8
L 
3
2 (DaL)raL+ 15
16
L 
3
2 (L)L
+
5
32
L 
3
2 (rarbL)rarbL  295
128
L 
5
2 (DaL)(DaL)L
  85
64
L 
5
2 (DaL)(DbL)rarbL+ 1355
1024
L 
7
2 (DaL)(DaL)(DbL)DbL
+    : (7.8)
Here we note that given a eld  constrained to be a Lorentz scalar conformal primary
(Ka = 0) of dimension  (D = ), as for instance the elds L and D, one nds
rarb = DaDb  2fab ; (7.9a)
 = D2  2faa ; (7.9b)
ra = DaD2  2fbbDa+ 4(2 )fabDb  2(Dafbb) ; (7.9c)
2 = D4+ 8(2 )fabDaDb  4( + 1)faaD2
+ 4

(2 )(Dafab) (Dbfaa)

Db
  2

(D2faa)  2( + 2)(faa)2   4(  2)fabfab

 ; (7.9d)
with
 := rara ; D2 := DaDa ; D4 := (D2)2 ; (7.10)
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and
fab =  1
8
Rab + 1
80
abR ; faa =   1
20
R : (7.11)
The action Snew linear based on (C.1) is locally superconformal invariant both in the
standard and dilaton-Weyl backgrounds for conformal supergravity. In the second case,
the reader should keep in mind that the D and T abc elds are composite elds that should
be expressed in terms of  and Habc by using (2.75). By looking at the relations (7.9)
it is clear that the new invariant Snew linear includes RabRab and R2 curvature squared
terms. The exact contributions depend on the conformal supergravity background used.
We leave a detailed analysis and application of the new invariant for future work but we
now describe some simple properties of Snew linear in a standard-Weyl and dilaton-Weyl
background, respectively.
7.2 The invariant in a standard-Weyl multiplet background, dynamically
generated cosmological constant, dS6 and AdS6 solutions
Given two real constant parameters A and B, let us consider a linear combination
S = ASEH +BSnew linear ; (7.12)
of the Einstein-Hilbert term described by the action SEH (4.5) for a linear multiplet, and
the new invariant Snew linear constructed in the previous subsection. In this subsection
we are going to analyse properties of the action (7.12) in a standard-Weyl multiplet back-
ground of conformal supergravity coupled only to a linear multiplet. We x dilatations,
special conformal transformations and SU(2)R ! U(1)R by imposing the following gauge
conditions
BM = 0 ; L
ij = ij ; L = 1 ; (7.13a)
which in components imply
bm = 0 ; L
ij = ij ; L = 1 ; 'i = 0 : (7.13b)
In this section, besides the fermions, we neglect the SU(2)R elds together with the Ea
and T abc elds. Then, once imposed these restrictions and the gauge xing (7.13) in (4.5)
and (7.8), up to total derivatives the action (7.12) becomes
S= 
Z
d6xe

2A
5

R+ 1
3
D

+
B
20
 R+DD+ 15B
32

RabRab  21
150
R2

+   : (7.14)
It is then clear that, thanks to the D2 term in the new invariant (7.8), the previous action
possesses a remarkable feature compared to the two-derivative linear multiplet action (4.5):
provided the constant B 6= 0, the dynamics for the D eld is completely consistent without
the need of a second compensating multiplet. Note that this feature was noticed also
in [125] for models of 4D N = 2 supergravity including an o-shell scalar curvature squared
invariant constructed from a linear multiplet. What is also interesting about (7.14) is that
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a cosmological constant is generated dynamically by integrating out the D eld. This is
especially remarkable since, to the best of our knowledge, no supersymmetric N = (1; 0)
cosmological constant is known.
Let us integrate out the auxiliary eld D from (7.14). Its equation of motion implies
D =  4A
3B
  1
2
R+    ; (7.15)
where the ellipses refer to terms including SU(2)R gauge elds, Ea, and T
 
abc elds, together
with fermions, that we have neglected in this section. Inserting this result into (7.14)
we obtain
S =
2A
3
Z
d6x e

2A
15B
  1
2
R  45B
64A
RabRab + 15B
128A
R2

+    : (7.16)
After dening the cosmological constant as
 :=   2A
15B
; (7.17)
and choosing for convenience A = 3=2,
S =  
Z
d6x e

 +
1
2
R  3
32

RabRab   1
6
R2

+    : (7.18)
Note that the dynamically generated cosmological constant  can take both positive and
negative values. It is straightforward to prove that the previous action possesses both
dS6 and AdS6 solutions. In fact, the relevant part of the metric equations of motion
of (7.18) reads
Gmn   gmn  3
16

2RmrRnr   1
2
gmnRrsRrs   1
3
RRmn + 1
12
gmnR2

= 0 ; (7.19)
with Gmn the Einstein tensor. The trace of (7.19) reads
R+ 3  3
32

RmnRmn   1
6
R2

= 0 : (7.20)
Let us consider an ansatz for an (A)dS6 metric
Rmnrs = k (gmrgns   gmsgnr) =) R = 30 k ; (7.21)
for a given real constant parameter k. Then we nd that the trace equation (7.20) implies
k =   1
10
 ; (7.22)
which solves (7.19). Given that  6= 0, we can have both dS6 or AdS6 solutions depending
on the sign of .
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It is also straightforward to show that these solutions cannot be supersymmetric. Note
that the gauge xing conditions (7.13) leave the i chiral matter fermion of the standard-
Weyl multiplet in the spectrum. Neglecting contributions from the SU(2)R and T
 
abc elds,
the residual gauge preserving supersymmetry transformation of i follow from (2.20f)
i =
1
2
Di +    : (7.23)
A necessary condition for the dS6 or AdS6 backgrounds to possess unbroken supersymmetry
is then 0  i = D. The D equation of motion (7.15) for these solutions reads
D =  4A
3B
  1
2
R = 10  15 k ; (7.24)
which implies that in order for us to be able to set D = 0 we must have
k =
2
3
 : (7.25)
This result clearly conicts with (7.22) given that  6= 0. Thus the (A)dS6 solution (7.22)
cannot preserve supersymmetry. This is expected since it is known that the supersymmet-
ric extensions of the dS6 and AdS6 symmetry groups SO(1; 6) and SO(2; 5) describe two
real forms of the exceptional supergroup F(4), respectively F1(4) and F2(4), that possess
16 fermionic generators, see [126{130]. Hence it is necessary to consider extended 6D su-
pergravities if one is interested in supersymmetric (A)dS6 backgrounds. Nevertheless, we
nd intriguing the existence of the non-supersymmetric (A)dS6 solutions triggered by the
non-trivial higher-derivative term described in this section.
7.3 The invariant in a dilaton-Weyl background
A natural question to be asked is whether the new invariant constructed in this section is
independent of the ones described in section 5. It is simple to see that the answer is yes.
To prove this, it is rst necessary to remember that all the invariants in section 5 were
dened in a dilaton-Weyl background for conformal supergravity. Hence, to compare the
results, in the new invariant described by (7.8) we need to express the D and T abc elds
in terms of the elds  and Habc of the tensor multiplet by using (2.75). It then suces
to compare the results in the conformal and SU(2)R gauge given by (4.9). Besides the
gauge conditions mentioned before, for simplicity we neglect all elds in the supergravity
multiplet except the vielbein and the dilaton L = e 2v. In the equations in this subsection
the ellipses will indicate all the terms neglected as described above. It turns out that by
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using the following relations that are consequences of (7.9)
Dj=1 = 3
4
R+    ; (7.26a)
Dj=1 = 3
4
D2R+ 9
20
R2 +    ; (7.26b)
rarbL = DaDbL+RabL  1
10
abRL+    ; (7.26c)
L = D2L+ 2
5
RL+    ; (7.26d)
raL = DaD2L+RabDbL+ 3
10
RDaL+ 2
5
LDaR+    ; (7.26e)
2L = D4L+ 2RabDaDbL+ 4
5
RD2L+ 6
5
(DaR)DaL
+ L

2
5
D2R RabRab + 19
50
R2

+    ; (7.26f)
one can obtain from (7.8) the following Lagrangian for the new invariant in a dilaton-Weyl
background
e 1Lnew linear = e v

25
32
RabRab   1
5
R2   5
16
D2R+ 15
8
RabDaDbv   5
16
RD2v
  25
16
Rab(Dav)Dbv   5
32
R(Dav)Dav + 5
4
D4v + 5
2
(Dav)DaD2v
  5(Dav)D2Dav   35
8
(DaDbv)DaDbv + 5
4
(D2v)2
  15
8
(Dav)(Dbv)DaDbv   25
16
(Dav)(Dav)D2v
+
35
64
(Dav)(Dav)(Dbv)Dbv

+    (7.27)
It is evident that it not possible to express the previous invariant as a linear combination
of the three invariants constructed in section 5. The new invariant appears multiplied by
a dierent factor of the dilaton and it includes higher-derivative terms for v. We leave
the analysis of possible dynamical features of the new invariant studied in this section for
future work and now come back to analysing in detail physical properties of the Einstein-
Gauss-Bonnet supergravity of section 6.
8 Spectrum of Einstein-Gauss-Bonnet supergravity about AdS3  S3
In this section, we elaborate on the derivation of the spectrum of the Einstein-Gauss-
Bonnet supergravity about the supersymmetric AdS3  S3 vacuum whose main results
were originally presented in [40]. Although the spectrum of the short multiplets can be
inferred from [42, 43], the spectrum of the long multiplets computed here comprises new
results. As the AdS energies of the long-multiplet states are not protected by shortening
conditions and depend on the detail of the theory, they cannot be obtained by the group
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theory based approach of [42]. We therefore adopted the same method as [43] by solving
the linearized equations for supegravity elds about the supersymmetric AdS vacuum.
Before turning to the main technical discussion, it is important to underline that, in
order to precisely adhere to the results presented in [40], in this section we decided to use
the same conventions as [40]. These dier compared to the conventions we use elsewhere
in this paper. To avoid possible confusion, the reader should consider results presented in
this section as self-contained.
In particular, as in [40], in this section we adopt the conventions of [66, 76] with the ex-
ception of a sign dierence in the parity transformation and, consequently, the Levi-Civita
tensor (which agrees with the one in our paper).16 Other dierences of conventions used in
this section are: the six-dimensional vector indices here are labeled by ; ;    ; the Lorentz
and SU(2)R connections and curvatures, which here will be denoted as (!
ab; R
ab) instead
of (!m
ab;Rmnab) and (Vij ; Fij) instead of (Vmij ;Rmnij), all have a sign ip compared
to the same tensors in the rest of the paper; the vielbein e
a (up to the nomenclature for
the curved 6D indices) and the eld  are identical to the ones in the rest of the paper; the
gauge 2-form and its eld strength 3-form here will be denoted by B and H but they
are otherwise identical to bmn and hmnp of the rest of the paper; the scalar eld L
ij of the
linear multiplet is identical to the one of the rest of the paper with the dierence that in this
section we use the denition L2 := LijLij ; the derivatives r used in this section (which
should not be confused with the locally superconformally covariant derivatives of the rest of
the paper) are solely dened in terms of the metric and are the standard general coordinate
covariant derivatives possessing no other connections other than the Levi-Civita connection.
Before continuing our analysis, it is also worth giving the Einstein-Hilbert and Gauss-
Bonnet supergravity invariants in these conventions. After assuming the gauge xing
conditions
 = 1 ; Lij =
1p
2
ijL ;  
i = 0 ; b = 0 ; (8.1)
and applying the decomposition of the original SU(2)R gauge eld V
ij
 under the residual
U(1)R symmetry
V ij = V
0

ij +
1
2
ijV ; (8.2)
up to fermionic terms, the Lagrangian of Einstein-Hilbert supergravity takes the form
e 1LEH = LR+ L 1@L@L  1
12
LHH
   4LZ Z   1
2
L 1EE +
p
2EV
+ fermions ; (8.3)
where we have dened
Z = V
011
 + iV
012
 : (8.4)
16See appendix D to compare the conventions of [76] with the ones of the rest of our paper.
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The o-shell Gauss-Bonnet invariant (6.4) and in the conformal and SU(2)R ! U(1)R
gauge takes the form
e 1LGB = RR   4RR +R2 + 1
2
RH
H  RH2 +
1
6
RH2
+
1
144
(H2)2   1
8
(H2)
2 +
5
24
H4 +
1
4
BR

(!+)R

(!+)
  2BF(Z) F (Z) + 1
2
BF(V )F (V )
+ fermions ; (8.5)
where
F(Z) = 2@[Z]   2iV[Z] ; F(V ) = 2@[V] + 4iZ[ Z] : (8.6)
Note that R

(!+), which later will also be simply denoted by R
+


 , is the Riemann
tensor dened with a torsionfull connection !cd := !cd  12eaHacd.17
The total Lagrangian of the Einstein-Gauss-Bonnet supergravity is parametrized as
(for convenience we set 2 = 1)
Ltot = LEH + 
0
16
LGB : (8.7)
Accordingly, the equation of motion for the dilaton eld L is given by
R+ L 2@L@L  2L 1L  1
12
H2   4Z Z + 1
2
L 2EE = 0 ; (8.8)
where we underline that the GB invariant is independent of the dilaton eld L. Using the
equation above, the Einstein equation with Gauss-Bonnet correction can be written as
LR = rrL  L 1@L@L+ 1
4
LHH
 + 4LZ( Z) +
1
2
L 1EE
 
p
2E(V) +
1
2
g(
p
2EV
   L 1EE)  
0
16
E ; (8.9)
where E is the contribution from supersymmetric Gauss-Bonnet action and takes the form
E = 2RR 4RR 4RR+2RR
 rr
 
H(
H)

+
1
2
RH

(H

)+
3
2
R(H)
H

 2R(H2) 2RHH 
1
2
H2 
1
2
grrH2+rr(H2)
+
1
6
RH
2+
1
2
RH2+
1
6
gH2  1
6
rrH2+ 1
24
H2H2
  1
4
H2H
2
  1
2
H
HH
2+
5
12
H
H
H2;+
5
6
H2;H
2

;
 2r
 
R+(H)
 R+ (H)H  12gLGBP even term : (8.10)
17The fact that in (8.5) Rab
cd(!+) appears instead of Rab
cd(! ), as in (6.4), is simply due to the sign
dierence in the denition of the Lorentz connection and curvature in this section.
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In the expression above, LGB P even term indicates the parity-even part of the GB La-
grangian (8.5) (meaning every term in (8.5) except the last three) and we have dened
H2; := HH
; H2 = gH
2;  : (8.11)
The two-form equation of motion takes the form
0 = r
 
LH +
0
8
S

+
0
16


F(V )F (V )  4F(Z)F (Z) + 1
4
R

(!+)R

(!+)

; (8.12)
where S is given by
S =  3R[H] + 6R[H]  RH   1
12
H2H +
3
2
H2[H
]
  5
2
H [H
2jj; ] + 3R+ [ H] : (8.13)
The equations of motion for the auxiliary elds V, Z and its complex conjugate, and the
gauge 4-form b, whose eld strength is associated to E, are given as follows:
LZ   
0
48
HF(Z) = 0 ; (8.14a)
p
2V   L 1E = 0 ; (8.14b)
p
2E   
0
24
HF(V ) = 0 : (8.14c)
It is well known that the o-shell 6D N = (1; 0) Einstein-Hilbert action admits a maximally
supersymmetric AdS3S3 vacuum with a metric, 3-form ux, and dilaton eld of the form
ds26 = %
2
 
ds2AdS3 + ds
2
S3

; H(3) = 2%
 

AdS3   
S3

; L = 1 ; (8.15)
where ds2AdS3 and ds
2
S3 are the metrics on the unit radius AdS3 and S
3, and 
AdS3 and 
S3
denote their volume forms. This metric has vanishing Weyl tensor and Ricci scalar
C = 0 ; R = 0 ; (8.16)
similarly to the maximally supersymmetric AdS5  S5 solution in 10D IIB superstring
theory. By substituting the ansatz (8.15) into the 0-corrected equations of motion given
above, we have explicitly checked that (8.15) remains a solution. Moreover, the super-
symmetry of the solution is also unaected by the inclusion of the Gauss-Bonnet super-
gravity action, because the o-shell supersymmetry transformations are independent of the
equations of motion.
In the following, we shall study the spectrum of uctuations around the vacuum solu-
tion (8.15). We split the six-dimensional indices into to 3 external indices on AdS3 labeled
by ^; ^; ^;    and 3 internal indices on S3 labeled by m^; n^; p^;    . The metric uctuations
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around the supersymmetric AdS3  S3 vacuum are parametrized as (here we adopt the
strategy used in [43])
h^^ = H^^ + g^^M ; g
^^H^^ = 0 ; (8.17a)
h^m^ = K^m^ ; (8.17b)
hm^n^ = Lm^n^ + gm^n^N ; g
m^n^Lm^n^ = 0 ; (8.17c)
where g^^ and gm^n^ are the metric of unit radius on AdS3 and S
3, respectively. The zero-
and two-form elds uctuations are parametrized as
L = 1 +  ; b^^ = ^^^X
^ ; bm^n^ = m^n^^U
^ ; b^m^ = W^m^ ; (8.18)
and for uctuations associated with the one-forms V and Z, we retain the same symbols.
Since E is fully determined by V via (8.14b), which should be used in (8.14c) to obtain a
closed equation similar to (8.14a), we do not give a separate discussion on E. We impose
the following gauge xing conditions
rm^hfm^n^g = 0 ; rm^hm^^ = 0 ; rm^bm^ = 0 ; rm^Vm^ = 0 ; (8.19)
where f    g denotes the complete traceless symmetrization of a set of indices. As a con-
sequence of the previous gauge conditions, the uctuations can be expanded in terms of
harmonic functions on S3 as
H^^(x; y) =
X
H
(` ;0)
^^ (x)Y
(` ;0)(y) ; (8.20a)
M(x; y) =
X
M (` ;0)(x)Y (` ;0)(y) ; (8.20b)
K^m^(x; y) =
X
K
(` ;1)
^ (x)Y
(` ;1)
 (y) ; (8.20c)
Lm^n^(x; y) =
X
L(` ;2)(x)Y (` ;2)m^n^ (y) ; (8.20d)
N(x; y) =
X
N (` ;0)(x)Y (` ;0) ; (8.20e)
(x; y) =
X
(` ;0)(x)Y (` ;0) ; (8.20f)
X^(x; y) =
X
X
(` ;0)
^ (x)Y
(` ;0)(y) ; (8.20g)
Um^(x; y) =
X
U (` ;0)(x)@m^Y
(` ;0)(y) ; (8.20h)
W^m^ =
X
W
(` ;1)
^ (x)Y
(` ;1)
m^ (y) ; (8.20i)
Z^(x; y) =
X
Z
(` ;0)
^ (x)Y
(` ;0)(y) ; (8.20j)
Zm^(x; y) =
Xh
Z(` ;1)(x)Y (` ;1)m^ (y) + Z
(` ;0)(x)@m^Y
(` ;0)(y)
i
; (8.20k)
V^(x; y) =
X
V
(` ;0)
^ (x)Y
(` ;0)(y) ; (8.20l)
Vm^(x; y) =
X
V (` ;1)(x)Y (` ;1)m^ (y) ; (8.20m)
where, in the parametrization we are using, we have denoted with x the coordinates of AdS3
and with y the coordinates of S3, respectively. Here we omitted several mathematical de-
tails with regard to harmonic expansion of the uctuations which can be found in [43] (for
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instance, all longitudinal gauge modes can be removed by a eld dependent gauge trans-
formation generated by the harmonic non-zero modes). The harmonic functions Y (`1;`2)
with various spins satisfy
r2yY (` ;0) =  `(2 + `)Y (` ;0) ; (8.21a)
m^
n^p^@n^Y
(` ;1)
p^ = (`+ 1)Y (` ;1)m^ ; (8.21b)
m^
p^q^rp^Y (` ;2)q^n^ = (`+ 1)Y (` ;2)m^n^ : (8.21c)
Since the isometry group of S3 is SU(2)SU(2), the harmonic functions can also be labelled
using the two SU(2) quantum numbers denoted by (j ; j). The relation between (j ; j) and
(`1 ; `2) is given by
j =
1
2
(`1 + `2) ; j =
1
2
(`1   `2) : (8.22)
The AdS3 part of the uctuations can also be expanded in terms of harmonics on AdS3.
We denote the AdS3 harmonics by 
(E ;s)(x) where (E ; s) are related to the SL(2;R) 
SL(2;R) quantum numbers (h; h) by
h =
1
2
(E + s) ; h =
1
2
(E   s) : (8.23)
Then we have
H
(` ;0)
^^ (x) =
Xh
H(E ;2)
(` ;0)(E ;2)^^ (x) +H
(E ;1)
(` ;0)rf^(E ;1)^g (x)
+H(E ;0)
(` ;0)rf^r^g(E ;0)(x)
i
; (8.24a)
M (` ;0)(x) =
X
M (E ;0)
(` ;0)(E ;0)(x) ; (8.24b)
K
(` ;1)
^ =
Xh
K(E ;1)
(` ;1)(E ;1)^ +K
(E ;0)
(` ;1)@^(E ;0)
i
; (8.24c)
L(` ;2)(x) =
X
L(E ;0)
(` ;2)(E ;0)(x) ; (8.24d)
N (` ;0)(x) =
X
N (E ;0)
(` ;0)(E ;0)(x) ; (8.24e)
(` ;0)(x) =
X
(E ;0)
(` ;0)(E ;0)(x) ; (8.24f)
X
(` ;0)
^ =
Xh
X(E ;1)
(` ;0)(E ;1)^ +X
(E ;0)
(` ;0)@^(E ;0)
i
; (8.24g)
U (` ;0)(x) =
X
U (E ;0)
(` ;0)(E ;0)(x) ; (8.24h)
W
(` ;1)
^ =
Xh
W (E ;1)
(` ;1)(E ;1)^ +W
(E ;0)
(` ;1)@^(E ;0)
i
; (8.24i)
Z
(` ;0)
^ =
Xh
Z(E ;1)
(` ;0)(E ;1)^ + Z
(E ;0)
(` ;0)@^(E ;0)
i
; (8.24j)
Z(` ;1) =
X
Z(E ;0)
(` ;1)(E ;0) ; (8.24k)
Z(` ;0) =
X
Z(E ;0)
(` ;0)(E ;0) ; (8.24l)
V
(` ;0)
^ =
Xh
V (E ;1)
(` ;0)(E ;1)^ + V
(E ;0)
(` ;0)@^(E ;0)
i
; (8.24m)
V (` ;1) =
X
V (E ;0)
(` ;1)(E ;0) ; (8.24n)
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where the harmonic functions (E ;s) on AdS3 satisfy
r2x(E ;0) =  E(E   2)(E ;0) ; (8.25a)
^
^^@^
(E ;1)
^ = (E   1)(E ;1)^ ; (8.25b)
^
^^r^(E ;2)^^ = (E   1)(E ;2)^^ : (8.25c)
The harmonic functions on S3 and AdS3 are known explicitly, and we have implemented
them in a Mathematica code. After substituting the harmonic expansion of the uctua-
tions to the equations of motion and noticing that modes with dierent quantum numbers
decouple from each other, we can derive a set of algebraic equations relating E to `, from
which we can solve E in terms of `. The results are schematically listed below where we
have also introduced the dimensionless parameter
~ := 0=%2 : (8.26)
Without any ambiguity and for succinctness, in the following we suppress the (E ; `) in the
labelling of various expansion coecients.
 (jsj ; `2) = (2 ; 0) sector
We obtain
(E 2 `)

1+ ~  1
2
E ~

H(2 ;0) = 0 ; (E 2 `)

1
2
E ~+1

H( 2 ;0) = 0 ; (8.27)
from which we nd 4 towers of propagating degrees of freedom labelled by their
quantum numbers

(E= 2+` ;2)

E= 2+
2
~
;2

(E= 2+` ; 2)

E=  2
~
; 2


(` ;0) : (8.28)
 (jsj ; j`2j) = (1 ; 1) sector
In this sector, from the g^^ and B^^ equations, we obtain
 
A B
B A
! 
K(1 ;1)
W (1 ;1)
!
= 0 ; (8.29)
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where the elements of the 2 2 mixing matrices are given by
A++ = 2 E+`+

1  1
2
E+
3
2
`+
1
4
(E `)2

~; (8.30a)
A+ = (E 2 `)

E+`+

1  1
2
(E `)  1
4
(E+`)2

~

; (8.30b)
A + = (E 2 `)

E+`+

1  1
2
(E `)+ 1
4
(E+`)2

~

; (8.30c)
A  = 2 E+` 

1  3
2
E+
1
2
`+
1
4
(E `)2

~; (8.30d)
B++ =
1
4
 
E2 (2+`)2 ~ 2 ; (8.30e)
B+ = (E 2 `)

2+
1
4
(`2 E2)~

; (8.30f)
B + = (E 2 `)

2+(E+`)

1  1
4
(E `)

~

; (8.30g)
B  = 2+
1
4
 
`2 (E 2)2 ~: (8.30h)
The existence of nontrivial solutions for K(1 ;1) and W (1 ;1) requires
(E   4  `)(E   `)

 1  1
2
~+
1
2
E ~

= 0 ; (8.31)
which leads to 3 innite towers of propagating degrees of freedom
(E = 4 + ` ; 1) (E = ` ; 1)

E = 1 +
2
~
; 1


 (` ; 1) : (8.32)
The existence of nontrivial solutions for K(1 ; 1) and W (1 ; 1) requires
(E   2  `)2

 1  1
2
~+
1
2
E ~

= 0 ; (8.33)
which leads to 3 innite towers of propagating degrees of freedom
2 (E = 2 + ` ; 1)

E = 1 +
2
~
; 1


 (` ; 1) : (8.34)
The existence of nontrivial solutions for K( 1 ;1) and W ( 1 ;1) requires
(E   2  `)2

1  1
2
~+
1
2
E ~

= 0 ; (8.35)
which leads to 3 innite towers of propagating degrees of freedom
2 (E = 2 + ` ; 1)

E = 1  2
~
; 1


 (` ; 1) : (8.36)
The existence of nontrivial solutions for K( 1 ; 1) and W ( 1 ; 1) requires
(E   4  `)(E   `)

1  1
2
~+
1
2
E ~

= 0 ; (8.37)
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which leads to 3 innite towers of propagating degrees of freedom
(E = 4 + ` ; 1) (E = ` ; 1)

E = 1  2
~
; 1


 (` ; 1) : (8.38)
 (jsj ; j`2j) = (1 ; 0) sector
In this sector we obtain the following conditions
~X(1 ;0)    4  ~(E   3)H(1 ;0) = 0 ; (8.39a)
~(E   3)(E + 1)H(1 ;0)    4  ~(E + 1)X(1 ;0) = 0 ; (8.39b) 
4 + ~(E + 1)

H( 1 ;0)   ~X( 1 ;0) = 0 ; (8.39c)
~(E   3)(E + 1)H( 1 ;0)    4 + ~(E   3)X( 1 ;0) = 0 : (8.39d)
Nontrivial solutions for H(1 ;0) and X(1 ;0) exist if
E = 1 2
~
: (8.40)
From the equations of motion of Z and V, it can readily be deduced that nonvan-
ishing Z(1 ;0) and V (1 ;0) requires
E = 1 2
~
: (8.41)
In total, this sector contains 8 innite towers of propagating degrees of freedom
4

E = 1 2
~
;1


 (` ; 0) : (8.42)
 (s ; j`2j) = (0 ; 2) sector
We obtain the conditions
(E 2 `)

1
2
`~+1

L(0 ;2) = 0 ; (E 2 `)

1  ~  1
2
`~

L(0 ; 2) = 0 : (8.43)
For L(0 ;2) to be nonvanishing, it is necessary to impose
E = 2 + ` : (8.44)
Thus this sector contains 2 innite towers of propagating degrees of freedom
(E = 2 + ` ; 0)
 (` ;2) : (8.45)
 (s ; j`2j) = (0 ; 1) sector
Explicit computation shows that this sector does not contain any dynamical degrees
of freedom.
{ 52 {
J
H
E
P
0
4
(
2
0
1
9
)
0
1
3
 (s ; `2) = (0 ; 0) sector
In this sector we obtain the following conditions
0 =
 
1+
~
2

E(E 2)+3`(`+2)

H(0 ;0) 3(1+2~)M (0 ;0) 9N (0 ;0)
 6(0 ;0)+ 3
2
(E+`)(E ` 2)~X(0 ;0) ; (8.46a)
0 =

24+6E 3E2+8`+4`2+ 24+6E 3E2+14`+7`2~N (0 ;0)
 

12`(`+2)+ ~`(`+2)
 
12+2E E2+2`+`2U (0 ;0)
+3(`+2)`M (0 ;0)+2`(`+2)(0 ;0) ; (8.46b)
0 = 3M (0 ;0)+(1 2~)N (0 ;0)+2(0 ;0)  ~
2
(E+`)(E ` 2)U (0 ;0) ; (8.46c)
0 = (E 3)(E+1)H(0 ;0) 3 M (0 ;0)+N (0 ;0)+(0 ;0) V (0 ;0) U (0 ;0) ; (8.46d)
0 =
~
2
(E+`)(E ` 2)(E+1)(E 3)H(0 ;0) 9N (0 ;0) 6(0 ;0)
 3

(E+`)(E ` 2)  ~
2
(5E2 10E 2` `2)

V (0 ;0)
+

9  3~
2
 
12 2E+E2 2` `2M (0 ;0) ; (8.46e)
0 = 3M (0 ;0) 2(0 ;0)+

3+
~
2
 
12+2E E2+2`+`2N (0 ;0)
+

(E+`)(E ` 2)+ ~
2
 
E2 2E 5`2 10`U (0;0) : (8.46f)
After diagnonalizing the equations above, we obtain the following condition
(E ` 4)2(E `)2(E+` 2)2(E+`+2)2

~
2
E 1

1  ~+ ~
2
E

~
2
` 1

1+ ~+
~
2
`
= 0 :
(8.47)
Therefore, this sector contains 6 innite towers of propagating degrees of freedom
2  E = 4 + ` ; 0 2  E = ` ; 0 E = 2
~
; 0



E = 2  2
~
; 0


 (` ; 0) :
(8.48)
We now proceed to arrange the states above into multiplets of SU(1; 1j2). The spectrum
of the 2-derivative theory (8.3) has been studied before in various works [42, 43]. It contains
only the short multiplets of SU(1; 1j2) dressed by irreducible representations of the extra
SL(2;R) SU(2). A short multiplet of SU(1; 1j2) has the structure
(h; j) ; 2

h+
1
2
; j   1
2

; (h+ 1; j   1) ; h = j ; (8.49)
where h and j label the representations of the SL(2;R)  SU(2) bosonic subgroup inside
SU(1; 1j2). Since the total isometry group associated with the maximally supersymmetric
AdS3  S3 vacuum is SU(1; 1j2)  SL(2;R)  SU(2), we also introduce (h; j) to label the
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irreducible representations of the extra SL(2;R)  SU(2) group. Eventually, we denote
the short multiplet (8.49) by DS(
h;j)(h; j)S. The spectrum of the 2-derivative theory (8.3)
consists of the following multiplets labeled by an integer n  0
DS(
n+4
2
;n
2
)
n
2
;
n
2

S
; DS(
n+1
2
;n+1
2
)

n+3
2
;
n+3
2

S
; DS(
n+3
2
;n+3
2
)

n+1
2
;
n+1
2

S
;
DS(
n+4
2
;n
2
)

n+2
2
;
n+2
2

S
; DS(
n+2
2
;n+2
2
)

n+2
2
;
n+2
2

S
; DS(
n+4
2
;n
2
)

n+4
2
;
n+4
2

S
:
(8.50)
We see from the spectrum of the Einstein-Gauss-Bonnet supergravity that the
~-independent spectrum ts nicely into the multiplets structure above. In fact the short
multiplets are still present in the EGB theory and are unaected by 0-corrections, which
has to be the case since BPS conditions render these multiplets protected. Note that we
have not studied the fermionic spectrum here. However, there seems to be a unique way
to arrange the bosonic spectrum into the supermultiplets which strongly indicates that the
fermions should just naturally arrange to complete the supermultiplets we have obtained.
We leave the explicit calculation of the fermionic spectrum to future work.
On the top of the innite tower of short multiplets described above, the inclusion of
the supersymmetric Gauss-Bonnet invariant gives rise to 4 new long multiplets possessing
the following structure
(h; j) ; 2

h+
1
2
; j   1
2

; (h+ 1; j   1) ;
h+
1
2
; j +
1
2

; 2 (h+ 1; j) ;

h+
3
2
; j   1
2

: (8.51)
The 4 long multiplets whose AdS3 energies are independent of the KK level are denoted by
DS(
1
~
;n
2
)

1
~
+
1
2
;
n+ 1
2

L
; DS(1 
1
~
;n
2
)

  1
~
  1; n
2

L
DS(1 
1
~
;n
2
)

  1
~
  1
2
;
n+ 1
2

L
; DS(
1
~
;n
2
)

1
~
;
n
2

L
; n  0 : (8.52)
For a SU(1; 1j2) long multiplet, h is not equal to j and unitarity requires h > j.
In summary, (8.50) and (8.52) comprise the full spectrum of the Einstein-Gauss-Bonnet
supergravity about the supersymmetric AdS3S3 vacuum, where it is understood that
states with negative SU(2) label should be removed. The massless states are the usual
graviton and a massless scalar residing in the two multiplets
DS2;0(0; 0)S ; DS
1;1(1; 1)S ; (8.53)
consistent with the results of [43]. Although gauge elds in AdS3 do not have local de-
grees of freedom, we prefer to keep the massless graviton in the spectrum as it carries
information about the non-trivial boundary dynamics. The fact that the 0 dependent
states can be nicely arranged into SU(1; 1j2) long multiplets provides a further check of the
supersymmetry of the GB invariant.
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9 Conclusion
In this paper we have described the supersymmetric completion of several curvature-
squared invariants for N = (1; 0) supergravity in six dimensions. By employing the dilaton-
Weyl multiplet of conformal supergravity we have described supersymmetric completions
for the three possible purely gravitational curvature-squared terms, Riemann, Ricci, and
scalar curvature-squared, where in the last case a coupling to a conformal compensator,
which we have chosen to be a linear multiplet, was necessary.
We also constructed a novel locally superconformal invariant based on a higher-
derivative action for the linear multiplet which can be dened both in the standard-Weyl
or dilaton-Weyl multiplet for conformal supergravity leading to new classes of curvature-
squared terms in both cases. In the case of the dilaton-Weyl multiplet, the new invariant
leads to the Lagrangian (7.27), which includes Ricci and scalar curvature-squared terms
together with a nontrivial dependence on the dilaton eld, as for instance an overall mul-
tiplicative factor of e v, which clearly distinguishes this invariant from the other three
invariants described in section 5.
To our knowledge, our analysis of curvature-squared invariants for N = (1; 0) su-
pergravity in six dimensions is the most complete to date and it has already allowed us
to study some interesting applications of these results. For instance, by extending the
results presented in [40], we described the Gauss-Bonnet invariant in detail and added
to it the o-shell supersymmetric extension of the Einstein-Hilbert term to obtain the
Einstein-Gauss-Bonnet supergravity, which plays a central role in the eective low-energy
description of 0-corrected string theory compactied to six dimensions. We gave the su-
persymmetry transformations for the on-shell Einstein-Gauss-Bonnet supergravity for the
rst time, showing that up to cubic fermion terms there is no 0 correction. Moreover, we
provided a detailed analysis of the spectrum about the AdS3S3 solution which is relevant
to holographic studies.
As an application of the new invariant described in section 7, we have shown how
a linear combination of such an invariant and the supersymmetric Einstein-Hilbert term
leads to a dynamically generated cosmological constant and non-supersymmetric (A)dS6
solutions. This result was based on the fact that in a standard-Weyl multiplet there
exist D2 terms in the action for the auxiliary eld D. Such a term is remarkable since,
unlike the pure Einstein-Hilbert supergravity, the equation of motion for D is consistent
even in a standard-Weyl multiplet background and remains the case when coupled to the
supersymmetric Einstein-Hilbert term. Moreover, D remains an auxiliary eld even in the
higher-derivative theory and can be algebraically integrated out leading to a cosmological
constant term on-shell. To underline the importance of this mechanism in regards to the
cosmological constant, we should stress that, to our knowledge, no supersymmetric pure
cosmological constant term has ever been constructed in the literature for 6D N = (1; 0)
minimal supergravity.
We believe that our studies open the avenue for various generalizations and, as already
pointed out in the introduction, we expect the results in our paper might nd several
applications. Let us now briey comment on some of these possibilities.
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The fact that all the invariants presented in this paper possess manifest o-shell su-
persymmetry makes it trivial to add them to other known o-shell models and matter
couplings. For instance, it is straightforward to consider vector multiplets coupled to the
higher-derivative supergravity invariants in our paper. Since in our paper we have focused
on Poincare supergravity models based on the use of a compensating linear multiplet, which
preserves a U(1)R symmetry o-shell, it is clear that in general the addition of a coupling
between the vector multiplets and the linear multiplet [48] on-shell will generate a potential
for the dilaton eld together with a gauged R-symmetry exactly as in [66]. It was noted
in [66] that the simple case of the gauged minimal 6D supergravity, where only one vector
multiplet is coupled to the minimal ungauged supergravity (reviewed in section 4), leads to
a version of the Salam-Sezgin model. It is straightforward to show that the supersymmetric
Minkowski4S2 solution is preserved also when any of the three curvature-squared invari-
ants of section 5, including the Gauss-Bonnet one, is added to the two-derivative gauged
model but it would be interesting to study the stability properties of this background in
the presence of the higher-derivative terms. For instance, the perturbative stability of the
Salam-Sezgin model extended by the Riemann squared invariant was studied in [67], where
it was found that the inclusion of the supersymmetric Riemann squared term introduces
tachyonic modes around the supersymmetric Minkowski4  S2 solution. We expect that
this will not be the case if the Gauss-Bonnet invariant instead of the Riemann squared
invariant is added to the original Salam-Sezgin model.
More generally, it would be of interest to extend the analysis of our paper by considering
the higher-derivative dynamics of general systems of vector multiplets, hypermultiplets,
and tensor multiplets coupled to conformal supergravity. For instance, a fully 0-corrected
description of the gauged supergravity of the Salam-Sezgin model might include many
others curvature-squared terms including F 4 interactions. It is then natural to seek o-shell
(1; 0) supersymmetric extensions of four-derivative terms for vector multiplets by using our
techniques and extending the 5D analysis of [131]. To study general couplings, including
higher-derivative ones, of o-shell hypermultiplets to conformal supergravity one could use
the projective superspace approach of [83], based on the formalism developed in the last
decade for supergravity theories with eight supercharges in 2  D  5, see, e.g., [61, 87, 132{
141] for relevant papers on the subject. On the other hand, the o-shell description of a
general system of (1; 0) tensor multiplets is less developed and would be a very interesting
avenue of research. There have been proposals for an o-shell extension of the tensor
multiplets which, similarly to the o-shell 6D charged hypermultiplets of [83], includes an
innite number of auxiliary elds, see [116] and more recently [83], which could be used to
construct general higher-derivative interactions for the tensor multiplets in a standard-Weyl
multiplet background for conformal supergravity. It is natural to then wonder if and how
one could use these multiplets to describe general higher-derivative interactions, including
the curvature-squared ones, based solely on a standard-Weyl multiplet and not the dilaton-
Weyl used for the invariants in section 5. In this framework it would be intriguing to verify
whether the mechanisms of consistency of the dynamics of D and for dynamical generation
of a cosmological constant described in section 7 remain general features of curvature-
squared models in the standard-Weyl multiplet.
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Compactications of the 6D GB invariant to 5 and 4 dimensions are also potentially
interesting for various purposes. First of the all, the dimensional reduction leads to lower
dimensional GB invariants coupled to matter multiplets, which can be viewed as super-
symmetrizaton of a particular class of the Horndeski scalar-tensor model widely studied
in cosmology. The matter multiplets can be consistently truncated out preserving o-shell
supersymmetry and the resulting invariants based solely on the o-shell supergravity mul-
tiplet can be compared to the existing supersymmetrization of GB invariants in 5D [60]
and 4D [58]. In the 4D STU model, [142] proposed a string-string-string duality based on
the properties of the 2-derivative Lagrangian. In the context of string theory, this duality
should persist to all order in the 0 expansion. A rst nontrivial check can be performed
using the 2-torus reduction of the 6D Einstein-Gauss-Bonnet invariant.
Finally, we recall that the 6D two-derivative supergravity admits supersymmetric black
strings and black rings with AdS3 near horizon geometry. Using the results presented in
this paper, one can extend those results to include the leading higher-derivative corrections.
Upon circle reductions, the 6D solutions give rise to black holes, black strings and black
rings in 5D supergravities. The recent work [143] has made an attempt to systematically
analyze the geometry of black hole solutions in the presence of supersymmetric curvature
squared terms. Their work utilized o-shell curvature squared invariants based on the
standard-Weyl multiplet which are dierent from the curvature squared invariants coming
from the reduction of the 6D invariants. However, on physical grounds, the dierent
formulations of the curvature squared invariants should yield the same physical quantities
for the same solution. Therefore, it might be worthwhile to carry out this comparison
in more detail. Due to the close relation between 6D and 5D, one can also look for the
6D analog of the non-renormalisation theorem for 6D black string entropy. For 5D black
string with AdS3 near horizon geometry, the non-renormalisation theorem ensures that the
entropy of such objects does not receive corrections from terms with more than 4-derivatives
(see [144] for a review and references therein). Eventually, for a better understanding of the
microstates underlying the black strings, it is indispensable to embed the 6D solution into
10D string theory. In fact, such an embedding is not unique and may lead to interesting
physics regarding the apparent dierent 10D descriptions of the same 6D solutions. We
leave these interesting problems for future investigation.
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A Conformal superspace identities
In this appendix we collect results about conformal superspace in the traceless frame of [70]
that are of importance for this paper.
The Lorentz generators act on the superspace covariant derivatives rA = (ra;ri) as
[Mab;Mcd] = 2c[aMb]d   2d[aMb]c ; (A.1a)
[Mab;rc] = 2c[arb] ; (A.1b)
[M
 ;rk ] =  rk +
1
4
rk ; (A.1c)
where M
 =  14(ab)Mab. The SU(2)R and dilatation generators obey
[J ij ; Jkl] = "k(iJ j)l + "l(iJ j)k ; [J ij ;rk] = "k(irj) ; (A.1d)
[D;ra] = ra ; [D;ri] =
1
2
ri : (A.1e)
The Lorentz and SU(2)R generators act on the special conformal generators K
A = (Ka; Si )
as
[Mab;K
c] = 2c[aKb] ; [M
 ; Sk ] = 

S

k  
1
4
S

k ; [J
ij ; Sk ] = 
(i
k S
j) ; (A.1f)
while the dilatation generator acts on KA as
[D;Ka] =  Ka ; [D; Si ] =  
1
2
Si : (A.1g)
Among themselves, the generators KA obey the only nontrivial anti-commutation relation
fSi ; Sj g =  2i"ij(~c)Kc : (A.1h)
The algebra of KA with rA is given by
[Ka;rb] = 2abD+ 2Mab ; (A.1i)
[Ka;ri] =  i(a)Si ; (A.1j)
fSi ;rjg = 2 jiD  4jiM + 8Jij ; (A.1k)
[Si ;rb] =  i(~b)ri +
1
10
Wbcd(~
cd)S

i  
1
4
Xi Kb
+

1
4
(~bc)

X

i +
1
2
(bc)
Xi


Kc : (A.1l)
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The anticommutator of two spinor derivatives, fri;rjg, has the following non-zero
torsion and curvatures
T i
j

c = 2i"ij(c) ; (A.2a)
R(M)i
j

cd = 4i"ij(a)W
acd ; (A.2b)
R(S)i
j

k
 =  
3
2
"ij"X
k ; (A.2c)
R(K)i
j
c = i"
ij(a)

1
4
acY  rbWabc +WaefWcef

: (A.2d)
The non-zero torsion and curvatures in the commutator [ra;rj ] are:
Ta
j


k =  
1
2
(a)W
jk ; (A.3a)
R(D)aj =  
i
2
(a)X
j ; (A.3b)
R(M)a
j

cd = i[ca (
d])X
j   i(acd)Xj + 2i(a)(cd)Xj ; (A.3c)
R(J)a
j

kl = 2i(a)X
(k"l)j ; (A.3d)
R(S)a
j

k
 =  
i
4
(a) Y
jk +
3i
20
(a)Y
jk   i
8
(a)rW "jk
+
i
40
(a)rW "jk   i
8
(a) "W
W "jk ; (A.3e)
R(K)a
j
c =
i
4
(c)raXj   i
4
(acd)rdXj +
i
3
(a)(cd)
rdXj
  i
8
(a)(c)W
Xj +
5i
12
(a)(c)W
Xj

+
i
4
(a)(c)W
Xj
   i
2
(a)(c)W
Xj
 : (A.3f)
The commutator of two vector derivatives, [ra;rb], has the following non-vanishing torsion
and curvatures:
Tab

k = (ab)
Xk
 ; (A.4a)
R(M)ab
cd = Yab
cd =
1
4
(ab)
(cd)
Y
 ; (A.4b)
R(J)ab
kl =
1
2
(ab)
Y
kl = Yab
kl ; (A.4c)
R(S)ab
k
 =  
i
3
(ab)
rXk  
i
6
(abc)rcXk   
i
6
"(ab)
WXk
 ; (A.4d)
R(K)abc =
1
4
rdYabcd + i
3
Xk
Xk
(abc) + i(ab)
(c)X
k

Xk

+
i
4
XkXk
(ab)
(c) : (A.4e)
Remember that the descendant superelds Xi, Xi
 , Y , Y
kl (and equivalently Yab
kl),
Y
 (and equivalently Yab
cd), were dened in (2.6) and (2.7).
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By using (2.5) and the previous denitions, one can derive the following relations for
the descendant superelds of the super-Weyl tensor:
riXj =  
2
5
Y
ij   2
5
"ijrW    1
2
"ijY ; (A.5a)
riXj =
1
2
( Y
)ij   1
10

(
 Y
)ij   1
2
"ijY
   1
4
"ijrW 
+
3
20
"ij
(
 rW )  
1
4
"ij( rW ) ; (A.5b)
riY =  2irXi ; (A.5c)
rkYij =
2
3
"k(i

  8irXj)    4irXj)  + 3irXj) + 3i  rXj)
  3i
2
rXj)   3i "W Xj) + 4i "W Xj) 

; (A.5d)
rlY =  4ir(X l) +
4i
3

(
(r)X l) +
8i
3

(
(rjjX l)) + 8i ( r(X l))
  4i
3
W  
(
(")X
l

)   8i "(W (X l)) : (A.5e)
These relations dene the Q-supersymmetry transformations of the descendant superelds
of the super-Weyl tensor. Their S-supersymmetry transformations are instead given by
the following relations [69]:
Si X
j =
8i
5
jiW
 ; Si X
j

 =  iji W  +
2i
5
ji 
(
 W
) ; (A.6a)
SkY
ij =  (ik

16Xj)
   2Xj) + 8Xj)

; (A.6b)
Sj Y
 = 24

(X)j
   1
3

(
(X)j
)

; Si Y =  4Xi : (A.6c)
The descendant superelds also satisfy the following indentities
r(Xi) = W (Xi) ; (A.7a)
r(Y)ij = 0 ; r(Y)ij = 8iX(iXj)  ; (A.7b)
r(Y) = 0 ; r(Y) = 24iXk (Xk)   8iXk (Xk) : (A.7c)
We conclude by underlining that, compared to the frame chosen in [69], the superspace
geometry in the traceless frame described in this appendix is simply given by the following
redenition of the vector derivative
ra!ra WabcMbc+ 3i
8
(a)X
jSj  
1
8
Y Ka+
1
2
rbWabcKc  1
2
Wa
efWefcK
c : (A.8)
Here on the left hand side ra is the vector derivative of [69] while the operator on the right
hand side is the vector covariant derivatives in the traceless frame of [70], which we used
everywhere in the paper, dened in terms of the vector derivative of [69].
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B Useful descendant components of the composite gauge 3-form (5.17)
For the composite gauge 3-form (5.17), in this appendix we collect the descendant compo-
nents relevant for the derivation of the invariant (5.19). They are
a
i =
4
3
(a)

2
15
Y
ijj  XjYij

+ 4(a)

Xj
Y
ij   1
15
Y
ijj

+
2
45
(a)D
i + 8(a)X
i

Y
 + 2(a)

rW Xi  
4
3
W rXi

+ 2(a)

rW Xi  
2
15
W ri

+ 4(a)

1
15
r(W i)  4
3
W rXi  rW Xi

+
4
3
(a)"

2W W Xi
 +
1
5
W W i

; (B.1a)
and
Cab = (b)

1
8
(acd)rcWrdW   2
3
(ac)
W rcY (ac)rcW Y

+
1
2
(c)

(ab)
rcW Y (abd)WrcrdW + 3
4
(abd)rcWrdW 

+4i(abc)rcXiXi 
16i
45
(abc)rcXii  4i
15
(abc)rci Xi
+
14i
225
(abc)rci i+
1
45
abD
2+
1
15
(abc)rc(DW)
+
1
2
ab

1
4
rWrW  WrrW 

+((a)

Wrb)rW +
1
4
rb)WrW 

+(a)(b)

  1
2
WW   5
8
rcWrcW + 2
15
DWW +W WY


 (~a)(b)YY+(a)

4irbXiXi+
2i
75
rbi i

+(c)

 8iabrcXiXi 4i(ab)rcXiXi+
8i
45
(ab)
rcXii
  4i
15
(ab)
rci Xi 
22i
225
abrci i

+(b)

  4i
3
raXiXi+
2i
75
rai i 
28i
3
(ac)
rcXiXi
+4i(ac)
rcXiXi 
16i
45
(ac)
rcXii
+
8i
15
(ac)
rci Xi

  1
6
(ab)
"W
W rW + 5
12
abY
ijY

ij+
1
4
(ab)
Y
ijY

ij
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+(ac)
(b)"

1
2
WW rcW   1
3
WW rcW 

+"

4i
3
(ab)
W Xi
Xi
+
2i
5
(ab)
W Xi
i

+
1
6
""

abW
W W W  (ab)W W W W 

+
1
3
(a)(b)

2WW rW +WW rW  2WW rW 

+(a)(b)

16i
3
WXi
Xi
 12iW XiXi+
44i
3
W Xi
Xi

  20i
3
W Xi
Xi
  8i
5
WXi
i  22i
45
W Xi
i
+
14i
45
W Xi
i+
2i
75
Wi 
i

+
1
2
(a)(b)"W
W W W +
20i
3
(~a)
(b)rXiXi
  1
4
(~a)
(b)Y
ijY

ij : (B.1b)
Inserting the expression for Ba
ij , eq. (5.17), and its corresponding descendants a
i and Cab
presented in this appendix into the action principle (3.22), one can obtain the action (5.19)
together with all the fermionic terms that complete the new supersymmetric invariant
described in subsection 5.3.
C Full bosonic terms of the invariant (7.8)
In this appendix we present the full bosonic contribution to the new higher-derivative locally
superconformal invariant constructed in section 7. In a general gauge and conformal super-
gravity background, up to fermionic terms, the completion of the Lagrangian (7.8) reads
e 1Lnew linear =   1
12
L
1
2D   1
20
L
1
2D2 +
1
64
L 
3
2EaEaD   1
24
L 
3
2DLijLij
+
1
192
L 
3
2D(raLij)raLij + 1
128
L 
7
2DLijLkl(raLij)raLkl
+
15
32
L 
3
2LijLklY abijYabkl   5
16
L 
3
2Lij2Lij +
5
32
L 
7
2LijLkl(Lij)Lkl
+
5
32
L 
3
2 (Lij)Lij +
5
32
L 
7
2LijLkl(rarbLij)rarbLkl   15
64
L 
3
2 (rarbLij)rarbLij
+
15
256
L 
7
2EaLij(raLik)Ljk   15
64
L 
7
2EaLij(rbLik)rarbLjk
  105
256
L 
7
2Lij(raEb)(raLik)rbLjk   105
256
L 
11
2 EaLijLkl(raLip)(rbLjp)rbLkl
+
5
64
L 
3
2EaEa +
25
128
L 
3
2 (raEb)raEb   35
1024
L 
7
2EaEaL
ijLij
  15
512
L 
7
2EaEbLijrarbLij   15
512
L 
7
2Ea(raEb)LijrbLij
  155
512
L 
7
2Ea(rbEa)LijrbLij + 35
256
L 
11
2 EaEaL
ijLkl(rbLij)rbLkl
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  275
4096
L 
7
2EaEa(rbLij)rbLij + 105
2048
L 
11
2 EaEbLijLkl(raLij)rbLkl
  105
2048
L 
7
2EaEb(raLij)rbLij   45
16384
L 
7
2 (EaEa)
2
+
35
64
L 
7
2LijLkl(raLij)raLkl   5
32
L 
3
2 (raLij)raLij
  25
64
L 
11
2 LijLklLpq(raLij)(raLkl)Lpq   25
256
L 
7
2Lij(raLij)(raLkl)Lkl
+
155
512
L 
7
2Lij(raLkl)(raLkl)Lij   65
128
L 
11
2 LijLklLpq(raLij)(rbLkl)rarbLpq
+
85
128
L 
7
2Lij(raLij)(rbLkl)rarbLkl + 5
256
L 
7
2Lij(raLkl)(rbLkl)rarbLij
+
15
64
L 
3
2T abcEarbEc + 15
32
L 
3
2LijY abijraEb + 15
16
L 
3
2Lij(raLik)rbY abjk
+
105
256
L 
7
2EaYabijL
ijLklrbLkl   45
128
L 
3
2Y abijEarbLij
  45
256
L 
7
2T abcEaLij(rbLik)rcLjk   165
256
L 
7
2LijLklY abij(raLkp)rbLlp
  45
128
L 
3
2Y abij(raLik)rbLjk   15
8
L
1
2 (raT acd)rbT bcd +
15
32
L 
3
2EaLijT abcY
bc
ij
+
15
256
L 
3
2EaE
bT acdT bcd  
15
32
L 
3
2T acdT bcdLijrarbLij
+
45
128
L 
7
2T acdT bcdL
ijLkl(raLij)rbLkl   45
128
L 
3
2T acdT bcd(raLij)rbLij
+
15
32
L 
3
2LijT abcYabikrcLjk   15
16
L 
3
2LijT acd(raLij)rbT bcd
  15
32
L
1
2T acdT bcdT
 
aefT
 bef +
165
512
L 
15
2 LijLklLpqLrs(raLij)(raLkl)(rbLpq)rbLrs
  135
256
L 
11
2 LijLkl(raLij)(raLkl)(rbLpq)rbLpq
+
5
1024
L 
11
2 LijLkl(raLij)(raLpq)(rbLpq)rbLkl
+
1005
4096
L 
7
2 (raLij)(raLij)(rbLkl)rbLkl
  325
2048
L 
7
2 (raLij)(raLkl)(rbLkl)rbLij
+ fermions : (C.1)
D Dierent 6D N = (1; 0) notation and conventions
In this appendix we describe the dierences between our notation and conventions, based
on [69, 70], and the ones used in [48] and [76]. By using the map between notations
described here the reader can rewrite the results of our paper in the notation of [48] and [76].
Throughout our paper we have used chiral four-component spinor notation while
in [48, 76] eight-component spinor notation is used. To translate our results, the reader
should rst reinterpret our formulae using eight component spinors. According to appendix
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ab, "abcdef ,  a,  a1an ,    ab, i"abcdef ,  ia, ( i)na1an ,    ab,  "abcdef ,  ia, ( i)na1an ,   
Pa, K
a, Qi, Si Pa, K
a,  2Qi, 2Si Pa, Ka,  2Qi, 2Si
Mab, Jij , D  2Mab, 2Uij , D  Mab,  Uij , D
em
a,  m
i, Vmij , bm ea,  i, 12Vij , b, ea,  i,  Vij , b,
!m
ab, m
i  !ab, i + 160i  !ab, i + 160i
fma fa   ea
 
1
240abD   18T a cdT cdb

fa   ea
 
1
240abD   18T a cdT cdb

ra D^a + 160iaSi +

1
240abD   18T a cdT cdb

Kb Da + 160iaSi +

1
240abD   18T a cdT cdb

Kb
T abc, 
i, D T abc, 
i, D T abc, 
i, D
R(P )ab
c = R(D)ab = 0 R^(P )abc = R^(D)ab = 0 R^(P )abc = R^(D)ab = 0
R(J)ab
ij , R(Q)ab
i 1
2R^(U)ab
ij , 12R^(Q)abk +
1
60abk  R^(U)abij , 12R^(Q)abk + 160abk
R(M)ab
cd  R^(M)abcd   130D
[c
a 
d]
b   T abfT fcd  R^(M)abcd   130D
[c
a 
d]
b   T abfT fcd
R(S)abi
1
2R^(S)ab
k   160[aD^b]k + 19600T abcck 12R^(S)abk   160[aDb]k + 19600T abcck
R(K)abc
h
R^(K)abc +
1
120c[aD^b]D + 2T
 
c
deD^[aT
 
b]de
h
R^(K)abc +
1
120c[aDb]D + 2T c deD[aT b]de
+ 11440
i
 
[aR^(Q)b]ci   7cR^(Q)abi

+ 11440
i
 
[aR^(Q)b]ci   7cR^(Q)abi

+ 1900
iabci
i
+ 1900
iabci
i
bmn, ,  i, Habc B , ,  2 i, (F+abc + 2T abc) B , ,  2 i, F^ (B)abc
vm, 
i, Xij , Fab  12W,  i
i,  12Y ij ,  12 F^ (W )ab  12W,  i
i,  12Y ij ,  12 F^ (W )ab
bmnpq L
ij , 'i, Ha, L E L
ij , 'i, Ea,
1p
2
L E L
ij , 'i, Ea,
1p
2
L
Table 1. Dierent notation and conventions.
A of [69], our 8 8 Dirac spinors 	 and matrices  a are
	 =
 
 

!
;  a =
 
0 (~a)
(a) 0
!
;   =
 
 0
0  
!
; (D.1)
where   obeys  [a b c d e f ] = "abcdef . Similarly, there is a direct relation between
a1an , ~a1an and  a1an :=  [a1 a2    an] since a product of chiral s are straightfor-
wardly lifted to a product of Dirac  s. For example, the eight component spinor generators
of the 6D N = (1; 0) superconformal algebra are Qi =
 
0
Qi
!
and Si =
 
Si
0
!
. Similarly,
all the (anti)chiral spinor elds are straightforwardly lifted to eight components, such that,
e.g.  m

i Q
i
 !  miQi, miSi ! miSi. To map our results to the notation of [48] and [76],
the reader should then use the table 1. This table shows how our gamma matrices, genera-
tors of the superconformal group, connections, curvatures, elds of matter multiplets, etc,
described in the rst column, should be replaced with the terms in the second and third
columns to match the notation and conventions of [48] and [76], respectively. This table
can be obtained by using results of appendix A of [70] which describes in general how to
change frames for the local gauging of the superconformal algebra.
Note also that our denitions of local superconformal transformations are dierent
from the ones of [48] and [76]. If we restrict only to Q + S + K transformations, it can
be then shown that the dierences between our notation and the ones of [48] and [76] only
amount to a simple rescaling of the local parameters i, 
i and a as described in table 2.
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i, 
i, a 12"i,
1
2
i, aK
1
2"i,
1
2
i, aK
Table 2. Transformation parameters for Q + S + K .
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